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PREFACE 


i  7 04*. 


This  report  is  one  of  several  emanating  from  the  Shipbuilding 
Technology  Transfer  Program  performed  by  Livingston  Shipbuilding  Company 
under  a  cost  sharing  contract  with  the  U.S.  Maritime  Administration. 

The  material  contained  herein  was  developed  from  the  study  of  the 
standardization  program  presently  in  operation  in  the  shipyards  of 
I  shi  kawaj  i  ma-Hari  ma  Heavy  Industries  ( I  HI  )  of  japan.  Information  for 
this  study  was  derived  from  source  documentation  supplied  by  I  HI , 
information  obtained  directly  from  I  HI  consulting  personnel  assigned 
on-site  at  Livingston,  and  from  personal  observations  by  two  teams  of 
Livingston  personnel  of  actual  operations  at  various  I  HI  shipyards  in 
j  apan , 

In  order  to  place  this  study  in  context  within  the  overall  Techno¬ 
logy  Transfer  Program,  a  brief  overview  of  the  program  and  its  organi¬ 
zation  is  provided  in  the  following  paragraphs: 

THE  TECHNOLOGY  TRANSFER  PROGRAM  ( TTP) 

The  U.  S.  shipbuilding  industry  is  well  aware  of  the  significant 
shipbuilding  cost  differences  between  the  Japanese  and  ourselves.  Many 
reasons  have  been  offered  to  explain  this  differential  and  whether  the 
reasons  are  valid  or  not,  the  fact  r  e ma  i  n s  that  Japanese  yards  are 
consistently  able  to  offer  ships  at  a  price  of  one-half  to  two-thirds 
bel  ow  U.  S.  prices. 

Seeing  this  tremendous  difference  first  hand  in- their  own  estimate 
of  a  bulk  carrier  slightly  modified  from  the  I  HI  Future  3  2  class  design, 
Livingston  management  determined  to  not  only  find  out  why  this  was 


true  but  to  also  attempt  to  determine  precise  differences  between  I  HI 
and  Livingston  engineering  and  design  practices;  production  planning 
and  control  methods;  facilities,  production  processes,  methods  and 
techniques;  quality  assurance  methods;  and  personnel  organization, 
operations  and  training.  The  obvious  objective  of  such  studies  was  to 
identify,  examine  and  implement  the  Japanese  systems,  methods  and  pro¬ 
cesses  which  promised  a  significant  improvement  in  the  Levi  ngs  ton 
desi  gn/producti  on  process. 

With  this  objective  in  mind,  and  recognizing  the  potential  appli¬ 
cation  of  the  TTP  results  to  the  American  shipbuilding  industry,  Lev- 
ingston  initiated  a  cost-sharing  contract  with  MarAd  to  provide  docu¬ 
mentation  and  industry  seminars  to  reveal  program  findings  and  produc¬ 
tion  improvement  results  measured  during  production  of  the  bulkers. 
Subsequently,  Livingston  subcontracted  with  I  HI  Marine  Technology  Inc. 
(an  American  corporation  and  a  subsidiary  of  I  HI  ,  Japan)  specifying 
the  areas  to  be  explored  a"d  the  number  and  type  of  I  HI  consulting 
personnel  required  during  the  period  of  re-design  and  initial  construc¬ 
tion  of  the  first  bulker. 

Basically,  the  program  is  organized  into  six  major  tasks: 

1  -  Cost  Account i  ng  . 

2  -  Engineering  and  Des i  gn 

3  -  Planning  and  Production  Cont  r  ol 

4  -  Facilities  and  I  ndust  rial  Engi  neer i  ng 

5  -  Qua  I i  t  y  Assurance 


6  -  I  ndust  rial  Rel  at i  ons 


beneath  each  of  these  major  tasks  is  a  series  of  sub-tasks  which  further 
delineate  discrete  areas  of  investigation  and  study.  Each  sub-task  area 
has  been  planned  and  scheduled  to:  1)  study  I  HI  systems,  methods  and 
techniques;  2)  compare  the  Livingston  and  IHI  practices;  3)  identify 
improvements  to  the  Livingston  systems;  4)  implement  approved  changes; 

5 )  d  o  c  u  me  n  t  program  findings,  changes  to  the  Livingston  s  y  s  t  e  ms ,  and 
me  results  of  those  changes;  and  6)  disseminate  pr  ogr  am  f  i  ndi  ngs  and 
results  to  i  ndust  ry  via  Mar  Ad. 
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SECTION  1 


I  NTRODUCTI ON 


1.  1  PURPOSE  AND  SCOPE 

The  purpose  of  this  study  was  to  analyze  the  Japanese  (IHI)  concept  of 
Standards  and  their  application  in  the  actual  working  environment  in  IHI 
shipyards.  As  in  the  many  other  areas  of  study  within  the  Technology  Trans¬ 
fer  Program  (TTP),  the  objective  of  the  study  was  to  define  possible 
beneficial  and  cost-saving  elements  or  methodologies  which  could  be  insti¬ 
tuted  in  Livingston  and  in  other  medium- size  shipyards  in  the  United  States. 

It  was  originally  intended  that  the  examination  of  standards  would  be 
performed  in  a  number  of  separate  areas  within  the  various  tasks,  i.e., 
design  and  material  standards  in  Task  2,  process  and  cost  standards  in  Task 
4,  and  tolerance  standards  in  Task  5.  Early  findings,  however,  revealed 
that  the  Japanese  approach  to  standards,  like  their  approach  to  planning 
and  production  control,  -is  that  standards-and  standardization  are  key 
features  of  their  overall  management  philosophy  and  not  merely  aspects  of 
different  areas  of  activity.  The  separate  components  of  the  study  of 
standards  were  therefore  brought  together  to  be  studied  as  a  single  system. 

1.  2  PRINCIPLES  OF  STANDARDIZATION 

Everyone  today  recognizes  the  values  of  standardization,  Virtually 
every  handbook  or  textbook  on  manufacturing  systems  contains  a  chapter  or 
section  on  standardization  and  the  benefits  that  result  therefrom.  This 
study  revealed  no  new  technology,  but  like  other  reports  in  this  series, 
it  does  reveal  a  superior  achievement  in  the'  application  of  known  standard¬ 
ization  techniques  and  methods  within  the  marine  industry. 
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I  HI  philosophy  is  that  manufacturing  plants  exist  to  produce  specific 
products,  The  design  of  the  facility  and  the  work  methods  employed  are 
determined  by  that  product,  Any  large  scale  standardization  effort  must 
therefore  begin  in  the  design  stage.  Because  the  associated  manufacturing 
facilities  already  exist,  standardization  of  design  must  be  a c c o mp I  i  s h e d 
in  harmony  with  production  limitations  and  capabilities.  An  often-heard 
phrase  during  the  TTP  was  "everything  starts  in  Design  and  ends  in  Design”, 
This  is  I  HI  ’  s  way  of  saying  that  decisions  emanating  from  Design  affect 
everyone  and  everything  and  that  feedback  to  Design  is  necessary  so  that 
Design  is  cognizant  of  and  responsive  to  the  needs  of  the  production 
departments,  The  bottom  line  is  "cost  with  quality”  and  every  department 
is  responsible, 

From  standardization  of  the  product,  the  effort  expands.  Material  is 
coded,  vendors  selected,  material  purchased,  production  plans  determined, 
and  schedules  set,  For  each  activity,  hundreds  of  pieces  of  i  n f  o r  ma t  i  o n 
pass  through  the  system,  Information,  though,  as  conmmuni  cat  i  on  engineers 
have  determined,  consists  of  two  parts:  that  which  is  identical  to  previous 
information  and  that  which  is  changed,  True  information  is  only  that  which 
has  changed  and  standardization  minimizes  the  number  of  changes.  The 
opportunity  to  reduce  the  a  mo  u  n  t  of  data  handled  at  every  level  in  the 
manufacturing  process  depends  directly  on  the  extent  of  standardization, 
Reduction  in  data  handled  also  reduces  the  occurrence  of  errors  and  misunder¬ 
stand!  ngs, 

Counter  to  rigid  standardization  is  the  need  for  flexibility  to  accom¬ 
modate  customer  requirements  and  changing  technology.  The  compromise  is  to 
structure  the  i  n  f  o  r  ma  t  i  o  n  (the  ship  design,  plans,  schedules,  etc.)  in  such 
a  way  that  changes  in  one  area  have  a  minimum  ripple  effect  throughout  the 
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system.  Defining  the  range  of  possibilities  in  a  design  in  terms  of  only- a 
few  modules  or  opt  i  o ns  is  an  of  ten- used  technique.  Production  schedules,  ori 
the  other  hand,  usually  provide  slack  or  buffer  time  between  the  completion 
date  at  one  step  and  the  start  date  of  the  next  step  in  order  to  minimize 
downstream  schedule  dislocations  due  to  production  problem  earlier  in  the 
sequence,  For  both  design  and  production  groups,  the  goal  is  the  same-- 
minimize  the  changes  and  isolate  the  impact  of  changes  that  do  occur, 

Standardization  of  the  product  allows  the  production  facilities  to  be 
specialized,  Economy,  through  the  application  of  mass  production  techniques, 
is  well  known,  TTP  reports  on  Planning  and  Production  Control  and  Facilities 
and  Industrial  Engineering  cover  details  of  I  HI' s  implementation  of  many  of 
these  techniques,  The  development  of  conveyors,  jigs,  fixtures,  the 
familiarity  of  the  workers  with  the  equipment,  work  methods,  and  ship 
design  are  all  greatly  enhanced  as  the  ship  design  is  standardized. 

Facilities  are  organized  in  one  of_  three  ways  according  to  the  layout 
of  equipment  and  the  movement  of  material: 

1)  Fi  xed- posi  t i  on  layout  where  the  product  stays  in  one 

position  and  ma  t  e  r  i  a  I  is  brought  to  it; 

2)  Process  layout  where  material  is  routed  to  different 
areas  where  specialized  processes  (different  for  each 
area)  are  carried  out ;  and 

3)  Product  flow  layout  where  wor k- i  n- pr ogr ess  is  moved 

by  conveyor  or  similar  means  from  one  work  station 
to  the  next , 

Shipbuilding  uses  all  three.  The  last  several  decades  have  shown  an 

overall  movement  from  the  first  and  second  to  the  second  and  third  in  the 
attempt  to  apply  mass  production  technology,  i  .  e .  ,  from  ship  construction 
to  ship  production,  I  HI  has  made  a  concerted  effort  to  carry  the  evolution 
as  far  as  possible, 
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The  problem  still  r  e  ma  i  ns  that  shipbuilding  for  most  shipyards  is  pro¬ 
ducing  customized  products  in  small  lot  sizes.  American  and  European  manu¬ 
facturers  in  other  industries  have  recently  introduced  the  concept  of  "Group 
Technology".  I  HI  uses  the  term  to  include  Family  Manufacturing,  process- 
lanes,  worker  groups,  and  product  -  work- breakdown. *  A  basic  component  of 
group  technology  is  the  set  of  requirements  imposed  on  the  parts  classi¬ 
fication  and  coding  system. 

This  coding  leads  directly  to  computerization.  In  fact,  successful 
computerization  of  a  shipbuilding  data  base  is  directly  correlated  with 
successes  in  standardization.  Computer-aided  design,  computer-aided 
manufacturing  (CAD/CAM)  and  computer-aided  process  planning  (CAPP)  all 
require  standardized  data  in  c  o  mp  u  t  e  r  i  z  e  d  files. 

1.3  I.HI’S  STANDARDI-ZATI  ON  EFFORTS 

Overall,  I  HI  views  its  standardization  efforts  as: 

1 )  a  long  range  planning  effort 

2)  a  means  of  resolving  recurring  problems 

3 )  d o c  u  me n t  a t  i  o n  of  things  learned 

4)  cost  reduction 

The  paper  presented  by  Y.  I  chi  nose  at  the  University  of  Michigan 
entitled  "Standardization  and  Modularization  in  Shipbuilding"  (included 
as  Appendix  A)  is  an  excellent  summary  of  the  rationale  and  success  of 
Japan's  and  I  HI  ’  s  design  and  material  standardization  efforts.  But  the 
scope  of  I  HI’ s  standardization  efforts  is  much  broader.  If  is  no  less  than 
the  standardization  of  the  shipbuilding  management  process. 


♦Throughout  the  remainder  of  this  report,  the  term  "group  technology" 
is  the  same  as  used  by  IHI. 
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For  any  vessel,  the  ordered  set  of  production  processes  is  the 

production  plan,  The  myriad  of  schedules  and  plans  as  described  in  the 
volumes  on  Planning  and  Production  Control  are  a  set  of  procedures.  Any 
document  or  procedure  used  repeatedly  in  essentially  the  same  form  becomes 
a  de  facto  standard.  I  HI  recognizes  this  and  has  incorporated  this  as  a 
basic  part  of  management  philosophy  permeating  all  levels  of  the  organiza- 
t  i  on. 

Standards  are  also  a  tool  for  communication.  Design  standards  (see 
Section  2)  developed  with  the  aid  of  production  personnel  formalize 
design  practices  best  suited  for  both  design  and  production.  These  stan¬ 
dards  in  turn  provide  "instant  experience"  to  new  Personnel.  Material 

standards  (see  Section  3)  are  the  shorthand  notes  between  Design  and 
Purchasing  Departments  reducing  the  volume  of  descriptive  data  as  well 

as  reducing  the  variety  of  materials  and  supplies  maintained  in  inventory. 

In  the  same  way,  tolerance  standards  (see  Section  4)  provide  a  clean 
and  definite  set  of  agreements  between  the  design,  production,  and  quality 
assurance  groups,  Everyone  knows  what  is  required  as  well  as  having 
addressed  and  settled  the  questions  of  how  much  quality  can  be,  achieved 
for  what  cost, 

Process  standards  (see  Section  5)  cover  not  only  basic  marking, 
cutting,  and  welding  processes  but  also  assembly  methods  up  to  and  includ¬ 
ing  assembly  specification  plans  which  detail  the  methods  to  be  followed 

during  fabrication,  assembly  and  erection.  The  most  cost  effective 
methods  (and  alternatives)  are  documented  forming  the  basis  for  all  future 

pi  ans , 
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Having  covered  the  what  and  the  how,  cost  standards  (see  Section  6) 
document  the  when.  All  of  I  HI 1  s  long-range  and  detailed  schedules  dis¬ 
cussed  in  the  volumes  on  Planning  and  Production  Control  depend  upon 
accurate  feedback  and  documentation  of  the  manhour  costs  from  design 
through  delivery.  Consistency  in  product  design,  consistency  in  planning 
methodology,  and  consistency  in  production  methods  lead  to  greater  con¬ 
sistency  and  lower  costs  in  returned  manhours. 

From  this  viewpoint,  then,  it  is  clear  that  the  standardization 
effort  is  an  evolutionary  one.  Any  system  must  contain  within  it  the 

means  to  adapt  if  it  is  to  survive.  For  I  HI '  s  standards  system,  the  task 
of  continually  reviewing,  updating  old  standards,  deleting  obsolete  ones, 
and  creating  new  standards  is  recognized  as  vital  and  is  a  basic  assign¬ 
ment  for  all  members  of  the  organization. 

1, 4  APPLI  CAT  I  ON  OF  IHI  TECHNOLOGY 

Prior  to  the  commencement  of  the  Technology  Transfer  Program,  Levi  ng- 
ston  was  aware  of  the  need  for  standards  and  had  hoped  that  some  might 
be  directly  transferable.  During  the  course  of  the  program  the  scope  and 

depth  of  the  IHI  standardization  effort  became  clear  and  made  a  considerable 
i  mpact . 

At  the  start  of  the  program,  a  parallel  effort  was  being  made  by 

L  e  v  i  n  g  s  t  o  n  to  reorganize,  codify  and  s  t  r  e  a  ml  i  n  e  all  phases  of  d  o  c  u  me  n  t  a  t  i  o  n . 

Figure  l-l  illustrates  the  pyramid  structure  of  that  effort.  Standards 
then  as  now  formed  the  base.  This  arrangement  was  overwhelmingly  and 
repeatedly  confirmed  by  the  practices  and  methods  utilized  by  IHI. 

Regrettably,  few  standards  (except  process  stnadards)  could  be 
transferred  intact  into  the  Levingston  system.  Differences  in  major 
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product,  vendor  relationships,  yard  facilities,  national  standards,  measure¬ 
ment  systems,  and  a  host  of  other  differences  prevented  any  such  direct 
transfer,  But  what  did  transfer  was  the  clear  and  consistent  message  of  the 
need  for  an  on-going  standardization  program,  Application  was,  therefore, 
directed  more  toward  standards  program  structure;  what  should  standards 
cover;  documentation;  use  and  so  forth,  This  report  reflects  that  emphasis. 

I  he  working  document  by  which  Livingston  Standards  are  being  developed  is 
the  Standard  Operating  Procedure  for  the  Initiation,  Review  and  Issuance  of 
Livingston  Standards  and  is  included  as  Appendix  G. 

1,  5  ORGANI  Z AT  I  ON  OF  REPORT 

This  report  comprises  two  volumes:  I  ■  Findings  and  Conclusions  and 

II  -  Appendices,  This  volume  consists  of  six  sections  as  follows: 


Section  1: 

1  nt  r  oduct  i  on 

Section  2: 

Design  Standards 

Section  3: 

Mat  er i  ai  Standards 

Section  4: 

Tol  er  ance  St  andar  ds 

Section  5: 

Process  Standards 

Section  6: 

Cost  Standards 

Section  1  contains  an  overview  of  the  role  of  standards  as  a  management 
philosophy  and  tool.  Sections  2  through  6  detail  I  HI ’ s  standardization 
efforts  in  specific  areas, 

A  series  of  appendices  are  included  in  Volume  11  of  this  report 
that  contain  data  provided  by  I  HI  in  the  course  of  this  program,  This 
appendix  material  is  tied  directly  to  the  text  in  Volume  I  to  clarify  by 
example  the  points  made  there,  The  appendices  are  listed  below: 


Appendi  x 
A 


Standardization  and  Modularization  in  Shipbuilding 


S  Group  F  Standards  on  Shi  pbui 
HI  I  ndex  of  Basic  St  andar  ds 


ng 


Examples  of  I  HI  Standards  -  SOT  A221XXX 
St  r  uct  ur  e  Mat  er i  al  Appl i  cat  i  on 


E x a mp I  e s  of 
E x a mp I  e  of 


Standards  -  SOT  B5XXXXX 
Standards  in  Use 


G  Livingston  Standard  Operating  Procedure, 

"Initiation,  Review,  and  Issuance  of  Livingston 
Standards" 

Throughout  this  report  reference  is  ma d e  to  other  reports  produced 
Livingston  in  the  course  of  the  Technology  Transfer  Program.  A  list 
these  reports  is  presented  below: 

Cost  Account i  ng  Fi  nal  Report 

Engi  neer i  ng  and  Desi  gn  Fi  nal  Report 

Planning  and  Production  Control  Final  Report 

Facilities  and  Industrial  Engineering  Final  Report 

Qua  I i t  y  Assurance  Final  Report 

I  ndust  rial  Rel  at i  ons  Final  Report 
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DESI  GN  STANDARDS 


2.  1  I  NT RODUCT 1  ON 

Mr.  Y.  I  chi  nose' s  paper  on  standardization  (Appendix  A)  shows  the  extent 
to  which  the  concepts  of  standardization  have  been  applied  by  I  HI  designers. 
The  philosophical  base  for  the  effort  was  explained  by  Dr.  Hisashi  Shinto* 
as  a  change  in  goals  by  shipyard  designers.  Prior  to  the  1  9  5  0's,  designers 
were  preoccupied  with  "what  better  bui  I  d'  '--that  is  making  the  ships'  per¬ 
formance  better  in  service.  The  new  approach  requi  red  designers  to  consider 
"how  better  bui  I  d'  '--that  is  developing  me  t  h  o  d  s  for  building  ships  mo  r  e 
economically.  This  change  in  approach  was  largely  due  to  1)  experience 
with  mass-produced  standardized  ships  during  World  "War  II,  2)  acquaintance 
with  aircraft  design  methods  which  incorporate  build  methods  by  shipyards 
that  had  built  aircraft  during  World  War  II,  3)  competition  in  the  inter¬ 
national  market,  and  4)  introduction  of  the  block  assembly  methods  by 
E.  L.  Harm  of  the  National  Bulk  Carriers,  Inc. 

This  section  expands  upon  the  material  presented  in  Appendix  A  with 
more  details  of  the  structure  of  I  HI  standards  and  their  use. 

2.  2  DEVELOPMENT  OF  NATIONAL  AND  SHIPYARD  STANDARDS 

That  a  significant  difference  exists  between  the  role  of  the  govern¬ 
ments  of  japan  and  the  U.  S.  in  promoting  national  standards  is  not  new 
to  U,  S,  shipbuilders,  The  Japanese  Industrial  Standardization  Law  gives 
that  government  the  authority  to  select  a  designated  commodity  or  designated 


*  P  r  e  s  i  dent  of  I  HI ,  in  a  talk  presented  before  the  1  9  6  7  Annual  Tanker 
Conference  of  the  American  Petroleum  Institute. 
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processing  technique  for  a  product,  This  is  done  when  the  quality  of  the 
commodity  or  product  must  be  guaranteed  due  to  its  widespread  use  or 
ma  n  u  f  a  c  t  u  r  e , 

Figure  2-1  shows  the  major  groupings  of  the  Japanese  Industrial  Stan¬ 
dards  (jlS).  while  many  parts  of  the  jlS  have  been  selected  as  designated 
commodities  or  processing  techniques,  not  all  are.  An  index  of  standards 
on  shipbuilding  (Group  F)  is  included  as  Appendix  B,  These  are  consensus 
standards  generated  through  enthusiastic  cooperation  within  and  among 
professional  societies,  industrial  groups,  universities,  and  agencies  of 
the  government. 

In  much  the  same  way,  I  HI  developed  its  own  set  of  standards  to 
supplement  the  OIS.  In  the  early  1960‘s,  a  major  effort  to  establish  in- 
house  standards  was  initiated  by  Dr.  Shinto.  The  merging  of  the  Aioi , 
hure,  Tokyo,  and  Nagoya  shipyards  and  establishment  of  a  corporate  design 
office  in  Tokyo  required  some  form  of  design  standardization.  At  the  same 
time,  early  steps  in  computerization  were  taking  place.  Each  yard  was 
required  to  develop  standards  for  all  phases  of  shipyard  work.  Special 
task  groups  were  organized  in  several  departments  of  each  yard— Design, 
fabrication.  Assembly,  Erection  and  Outfitting,  etc. — each  with  the 
requirement  to  produce  several  standards  per  month.  These  draft  standards 
were  forwarded  to  headquarters  for  review  and  approval .  In  a  typical 
engineering  section,  two  out  of  twenty-five  engineers  were  selected.  After 
six  months,  the  assignments  were  rotated.  This  was  continued  over  a  two- 
year  period  at  which  time  about  80  percent  of  IHI's  current  standards  were 
identified  and  draft  standards  prepared. 


2.3  ORGANIZATION  AND  USE  OF  I  HI  DESIGN  STANDARDS 


The  product  of  the  Design  Department  consists  of  three  parts: 

( 1 )  Basic  dr  awi  nqs  for  making  the  contract 

(2)  Ke  y  p  I  an  for  making  working  drawings 

(3)  Wor  ki  ng  dr  awi  ngs  for  production 

Parts  (1)  and  (2)  show  what  is  to  be  built  while  part  (3)  shows  how 
to  build  it.  The  emp basis  on  "how  better  build"  is  reflected  in  the  number 

and  scope  of  the  working  drawings. 

The  structure  for  the  standards  for  working  drawings  is  shown  in 
Figure  1  of  Appendix  A.  A  general  index  to  the  Basic  Standards  (IS  and 
sot)  is  included  as  Appendix  C.  The  entire  Shipbuilding  Process  and  Inspec¬ 
tion  Standard  (SPAIS)  is  included  in  the  TTP  report  Qu  a  I i ty  Assurance, 

Vo  I  u me  2. 

The  Basic  Standards  are  quite  detailed.  For  example,  the  general 
index  shows  1S-S0  2  4  6  XXXX  Signaling  Instruments.  The  detailed  index 
(Figure  2-2)  lists  37  separate  standards.  Appendix  D  contains  the  detailed 
listing  of  the  Hull  Structure  Material  Application  Standard  group 
IS-SOT  A221XXX  followed  by  the  standards  themselves.  Appendix  E  illustrates 
the  IS-SOT  B  Series,  while  Appendix  F  shows  how  a  drawing  for  a  specific 
ship  can  be  quickly  prepared  by  including  "off-the-shel  f-standards"  ■ 

For  the  purposes  of  the  TTP,  I  HI  design  standards  were  classified  into 
three  categories  based  on  the  type  of  information  given: 

1)  General  definition  and  material  coding  standards 

2)  Detai I ed  desi gn  standards 

3)  Production  standards 
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S0-Z463XXX 


The  standards  were  also  classified  by  the  Livingston  Design  Section  most 
directly  involved:  Hull,  Piping,  Machinery,  Electrical,  and  Joiner.  Tables 
T2-1  through  T2-15  list  the  basic  standards  used  in  the  comparison. 

The  development  of  yard  plans  from  the  key  plans  depends  heavily  on 
standardization,  The  TTP  reports  entitled  Engi  neer i  ng  and  Desi  gn  and  PI  a  nn i  nq 

and  Production  Control  detail  the  numerous  plans  and  schedules  that  must  be 
developed,  A  detailed  schedule  of  supplying  drawings  to  the  yard  is  pre¬ 
pared  as  the  "Design  Procedure  and  Drawing  Supply  Schedule"  for  a  particular 
ship  type  and  is  referred  to  as  a  "Management  Standard". 

Much  of  I  HI  ’  s  success  in  shipbuilding  has  been  attributed  to  the 
detail  of  the  plans  and  the  on-time  performance  of  those  who  prepare  them. 

There  are  several  methods  used  to  reduce  the  manhours  for  drawing  preparation: 

1)  photographic  methods  whereby  reproduced  drawings  are 
enhanced  with  details  for  specific  application 

2)  computer  generated  drawings  and  material  lists 

3 )  "off-the-shelf"  standards  assembled  into  specific 

hul  I  dr awi  ngs  (illustrated  in  Appendix  F) 

4)  sets  of  manuals  for  design  and  drawing  practice 

Standards  on  coding,  design  practices,  production  practices,  drafting 

room  procedures,  material  specifications  and  so  forth  are  reduced  in  size 

and  bound  in  book  form  for  ready  reference  by  designers  and  drafters-  Different 
books  are  assembled  for  the  separate  design  sections:  hull,  piping,  machinery, 
etc,  These  ready-reference  manuals  put  the  shipyard's  accumulated  experience 

directly  in  the  hands  of  those  who  need  it.  They  also  help  to  ensure 

uniformity  of  application  within  departments  and  compatibility  among  depart¬ 
ments.  In  short,  standards  provide  the  under  pinning  to  the  whole  design  process 
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TABLE  T2-1 


GENERAL  DEFINITION  AND  MATERIAL  CODING  FOR  HULL 

Graphical  symbols  for  welding 

Material  code  guidance  for  hull  part 

Name  &  abbreviation  of  hull  construction 

Name  &  definition  of  stages  for  hull 
construction  works 

Standards  of  major  block  name 

Standard  of  block  name  (hull  unit) 

Symbols  of  hull  construction,  used  for 
block  name 

Kind  &  definition  of  hull  common  part 

Composition  of  hull  part  name 

Coding  practice  of  hull  parts  name 

Pre-assembly  code  for  hull  parts  name 

Fabrication  code  for  hull  parts  name 

Stage  code  for  hull  parts  name 

Drawing  standard  of  hull  parts  table 

Style  &  editing  manual  of  hull  structure 
yard  plan 
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TABLE  T2-2 


I 

i 

.  i 

[ 


r 

i 


DETAILED  DESIGN  FOR  HULL 

Slot  &  collar  plate 
Slot  &  collar  plate  with  butt  joint 
Slot  8  collar  plate  with  lap  joint 
-  Shape  of  slot 

Clearance  between  slot  and  welding  joint 

Application  of  transformed  slot 

Variation  of  collar  plate  attached  to  slot 

Fitting  side  of  collar  plate 

Allowable  arrangement  of  scallop 

Standard  scallop 

Corner  cut  in  case  of  no  scallop 

Closing  scallop 

Water  stop  welding  method _ 

Lightening  hole  and  manhole 
Drain  &  air  hole 

C  +  on  lirtl  a 

ucp  UUIt 

Slot  &  plug  weld 

Shape  of  end  connection  for  stiffener  and 
bracket 
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TABLE  T2-3 

PRODUCTION  PRACTICE  FOR  HULL 

Drawing  practice  for  temporary  holes  for 
construction  work 

Drawing  and  application  of  welding  method 

Drawing  practice  of  arrangement  of  plate  in 
midship  section 

Drawing  practice  of  block  arrangement 

Drawing  practice  of  fabricating  scheme  of  shell 

Weldable  limit  of  narrow  space 

Molded  line  details 

Decision  of  moldline  (aft  and  fore  parts) 

Standard  of  edge  preparation  for  welding 

Decision  standard  of  chamfering  direction 
of  butt  joint  for  sections 

Standard  of  bending  radius  of  plate 

Decision  standard  of  bending  range  for  stiffeners 

Standard  natural  twisting  angle  of  rolled  and 
built  up  section 

Standard  of  no  shop  bending  of  rolled  and 
built  up  section 

Decision  standard  of  marking  side 
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TABLE  T2- 4 

GENERAL  DEFINITION  AND  MATERIAL  CODING  FOR  PIPING 

Standard  of  discrimination  for  piping 

Numbering  system  of  piping 

Guidance  of  numbering  for  pipe  fitting 

Piping  insulation  mark 

Sub  code  of  pi  ece  drawi  ng  for  pi  pe 

Symbol  s  for  pi  pi  ng  and  ducti  ng 

Piping  system  mark 

Material  code  guidance  of  common  part 
Symbols  for  piping  arrange  me  nt 
Material  code  guidance  of  hull  piping 

TABLE  T2 ■ 5 

DETAI  LED  DESI GN  FOR  PI  PI  NG 

Design  standard  of  maintenance  space  for 
fittings 

Hull  outfitting  working  plan  drawing  manual 
Control  piping  design  manual  (Hull  part) 

Mat  er  i  a  I  list  for  fitting 
Application  standard  of  bolts  and  nuts 
Appl i cati on  standard  of  pi  pes 
Pi  pi  ng  di  agram 

Design  standard  for  pipe  penetration  pieces 
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TABLE  T2- 6 

PRODUCTION  PRACTICE  FOR  PIPING 

Minimum  working  space  required  for  welding 
Application  standard  of  bender  for  steel  pipes 
Application  standard  of  adjusting  pipes 
Working  standard  of  heat  insulation  for  piping 
Standard  of  bending  procedure  for  pipe 
Standard  of  assembly  procedure  for  butt  welded  joint 
Standard  procedure  for  steel  branch  pipe  assembly 
Standard  of  asssembly  procedure  for  model  pipe 
Pi  pi ng  practi ce  such  as: 

pi  pe  si  ze  of  pi  pi  ng  system 

group  of  pipes 

f  abri  cati  on  of  pi  pi  ng 

bend  of  piping 

butt  wel  di  ng  of  steel  pipe 

joint  fittings 

reducer 

branch 

penetration  piece 
surface  treatment  of  pi  pes 
pi  pe  fitting  &  accessories 
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TABLE  T2- 7 

GENERAL  DEFINITION  AND  MATERIAL  CODING  FOR  MACHINERY 

Standard  of  abbreviation  of  machinery 

Standard  of  name  for  deck  flat  or  floor  at  E/R 

Symbol  marks  for  key  plan  of  hull  outfitting 

Guidance  for  piece  identification  number  of 
fittings 

Parts  code  and  piece  number  for  auxiliary 
ma  c  h i n  e  r  y  seat 

Material  code  guidance  of  outfitting 

Guidance  for  drawing  number  of  purchase  order 
specification 

Material  code  guidance  of  machinery  part 

Term  &  code  number  of  machinery 


TABLE  T2- 8 

DETAI LED  DESI GN  FOR  MACHI NERY 

Design  standard  of  maintenance  space  for  fitting 
Hull  outfitting  working  plan  drawing  manual 
Mat  er  i  a  I  list  for  fitting 
Application  standard  of  bolts  and  nuts 
Drawing  standard  for  machinery  fitting  plan 
Engi ne  room  i nsul ati on  standard 


TABLE  T2 ■ 9 

PRODUCTION  PRACTICE  FOR  MACHINERY 

Welding  method  of  fittings 
Welding  practice  of  fittings  for  superstructure 
Machining  measuring  and  accuracy  of  Stern  tube 
Fi  tti ng  process  of  stern  bushi ng 
Fitting  process  for  main  diesel  and  shafting 
Mi  seel  I aneous  practi ce  such  as: 
tank  constructi on 
ventilating  truck 
i nsul ati on  and  I aggi ng 
colour  schedule 

foundation  of  auxiliary  machinery 
deck  coami  ng 

fitting  method  of  support 

TABLE  T 2 ■ 1 0 

GENERAL  DEFINITION  AND  MATERIAL  CODING  FOR  ELECTRICAL 

Mari  ne  electrical  symbol 

Material  code  guidance  of  electrical  parts 

Abbreviated  names  of  electric  equip  me  n  t 

Marine  electrical  system  mark 

Piece  identification  number  of  electric  fittings 
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TABLE  T2- 11 


DETAILED  DESIGN  FOR  ELECTRICAL 

Drawing  form  of  electric  wiring  arrangement 
Drawing  form  of  electric  fitting  arrangement 
Installation  method  of  electric  cable  and  appliance 
Distance  between  electric  cable  way  and  high  fever  pipe 
Calculation  formulary  of  electric  cable  ways  width 
Cable  penetration  of  hull  structure 
Material  list  guidance  for  electric  fitting 
Shape  of  electric  cable  entry  to  electric  equipment 

TABLE  T 2 ■ 1 2 

PRODUCTION  PRACTICE  FOR  ELECTRICAL 

Installation  method  of  electric  cable  &  appliance 

Fitting  method  of  electric  cable  way  &  electric  apparatus 
seat  to  hull  structure 

Installation  method  of  ceiling  light  in  engine  room  work 
space 

Standard  fitting  height  of  electric  equipment 

Installation  method  of  bending  radial  for  steel  gas-pipe 
for  cable  way 

TABLE  T 2 -  1 3 

GENERAL  DEFINITION  AND  MATERIAL  CODING  FOR  101  NER 

Symbol  marks  for  joiner  plan 
Material  code  guidance  of  joiner  work 
Classification  guidance  of  accommodation  fittings 
Drawing  form  of  joiner  arrangement 
Dr  awi  ng  f  or  m  of  joiner  work  plan 
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TABLE  T2-  14 


DETAI  LED  DESI  GN  FOR  I  01  NER 

Typical  construction  of  joiner  bulkhead  at  corridor 

Typical  construction  of  non-combustible  j 0 ' n  e  r  bulkhead 
at  corridor 

Typical  construction  of  joiner  bulkhead  between  cabin 
to  cabin 

Typi cal  constructi on  of  cei I i ng 

Typical  detail  construction  of  joiner  work 

Typical  detail  construction  of  non-combustible  joiner 
wor  k 

Typical  construction  of  ref.  prov.  chamber 

Drawing  standard  for  working  arrangement  &  fitting  plan  of 
accommodati  on  space 


TABLE  T2-15 

PRODUCT  I  ON  PRACTI CE  FOR  I  01 NER 

Practi ce  of  deck  coveri ng 

Practice  of  heat  insulation  in  accommnodat  i  on 

Practice  of  insulating  deck  covering 
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Over  the  years,  the  standardization  of  shipyard  data  has  proceeded 
hand-in-hand  with  computerization,  The  organization  of  the  Aioi  design 
office  reflects  this  relationship  by  having  a  Computerization  Group 
comprised  of  two  teams:  the  Computerization  Team  and  the  Standardization 
Team.  As  pointed  out  in  the  introduction  to  IHICS  (Integrated  Hull  Infor¬ 
mation  Control  System),  the  need  to  generate  a  large  volume  of  detailed 
information  in  a  short  time  is  a  prime  goal,  The  ability  to  obtain  this 
information  with  relatively  small  input  is  based  on  a  vast  amount  of 
previously  stored  standard  data  (see  Figure  2-3).  A  detailed  explanation 
of-the  IHICS  system  can  be  found  in  the  TTP  report  on  Engineering  and 
Desi gn. 

2.4  APPLI CATI  ON  OF  I  HI  TECHNOLOGY 

One  of  the  more  frustrating  developments  of  the  TTP  was  the  realiza¬ 
tion  that  there  were  no  great  shortcuts-in  establishing  design  standards. 
There  could  be  very  little  if  any  direct  transfer  of  I  HI  standards  to 
Livingston. 

Although  there  was  a  tremendous  disparity  in  the  number  of  formal  I  HI 
standards  to  the  number  of  formal  Livingston  standards,  it  did  not  follow 
that  Livingston  simply  had  few  standards.  Rather  a  great  number  of  design 
standards  and  practices  were  simply  understood  as  comnon  knowledge  between 
engineering  section  leaders  and  draftsmen,  between  engineering  sections,  and 
between  engineering  and  production. 

Design  standards  are  not  separate  entities  but  integral  parts  of  the 
system,  Typical  of  the  problems  encountered  by  Livingston  engineers  was  the 
comparison  of  coding  conventions  for  hull  items.  There  are  several  very 


SCOPE  OF  I  HICS  SYSTEM 


*  Covers  the  detailed  design  and  production 
engineering  for  hull. 

*  Excludes  the  functions  of  origination  of 
design  concept  and  structural  analysis. 

*  Maxi  mum  out  put  f  r  om  mi  ni  mum  i  nput , 

*  Illustration  of  the  proportion  of  the 
input  required  at  each  stage  to  the  whole 
information  in  the  system  is  shown  in  the 
f  ol  I  owi  ng  f  i  gure. 


FIGURE  2-3 
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detailed  I  HI  standards  for  naming  hull  blocks  (Table  T  2  ■  1  and  Appendix  D) 
but  all  use  an  alphanumeric  code,  while  Livingston's  code  is  strictly 
numerical  and  ties  in  with  a  numerically  based  work  order  system. 

While  direct  transfer  was  not  desirable,,  the  IHI  pattern  was  helpful 
in  form  to  show  to  what  extent  and  detail  standards  and  practices  should 
be  documented,  This  pattern  of  discovery  and  use  was  found  to  be  the  same 
for  other  design  sections  as  well  as  Hull.  Inasmuch  as  this  development 
occurred  early  in  the  TTP,  very  few  IHI  standards  were  actually  translated 
from  the  Japanese.  Effort  was  directed  instead  on  organizing,  developing, 
and  document  ing  standards, 

The  greatest  difference  lay  in  the  area  of  pr oduct i on- or  i  ent ed  standards 
formal  or  otherwise.  The  design  limitations  imposed  by  Livingston  facility 
capabilities  or  capacities  were  not  well  disseminated.  The  problems  that 
ensued  just  added  to  the  traditional  confrontation  between  engineering  and 
production  groups. 

Standards  as  devices  for  communication  address  these  problems  well. 

As  production  facilities  become  more  specialized,  the  more  acute  the  need 
for  communication  (standards).  Therefore,  when  an  automated  panel  line 
and  pipe  bending  equipment  were  installed,  specific  design  standards  for 
their  use  were  developed.  These  and  other  design  standards  developed 
during  the  TTP  are  listed  in  Table  T 2 - 16. 

Another  area  took  a  different  route  toward  standardization.  Tradition¬ 
ally,  Livingston  engineers  specified  not  only  the  degree  of  pipe  cleaning 
but  the  detailed  process  to  be  followed.  This  was  divided  into  two  standards. 
First,  a  design  standard  was  written  setting  forth  finish  and  particle  size 
limitations.  A  second  process  standard  was  written  detailing  the  production 


TABLE  T 2 -  1 6 


LIVINGSTON  DESIGN  STANDARDS 


HULL  SECTION 

Plan  Numbering  System 
Desi gn  Standard  for  FI  at  Panel  s 
Hull  Structural  Standards 
Vertical  Ladder  Standards  Details 
Inclined  Ladder  Standards  Details 
Standard  for  Lifting  Pads 


j  01  NER  SECTI  ON  MACHINERY  SECTION 

joiner  Standards  and  Details  Standard  for  Graphic  Symbols 


ELECTRI CAL  SECTI ON 
Standards  for  Graphic  Sy mbol  s 


PI  PI  NG  SECTI  ON 

Pipe  Bender_  Guidelines 
Grades  of  Pipe  Cleanliness 
Pipe  Welding  Standards 
Piping  Det  ai  I  s 
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steps  needed  to  achieve  those  varying  degrees  of  cleanliness  for  various 
types  of  systems  (fuel  oil,  lube  oil,  potable  water,  etc.),  This  allowed 
engineering  to  simply  code  pipe  for  various  degrees  of  cleaning  without 
having  to  write  new  procedures  for  each  hull. 

The  effort  is  continuing  to  document  in  the  form  of  standards  many 
existing  practices.  The  departments  primarily  involved  in  developing 
these  standards  are  Engineering,  Production  and  Industrial  Engineering. 

2. 5  CONCLUSI ON 

To  meet  the  goals  of  building  more  complex  ships  and  reducing  manhour 
costs,  it  is  essential  that  efforts  within  the  shipyard  become  highly 
coordinated.  There  is  simply  no  room  for  wasted  or  duplicated  effort  or 
not  efficiently  utilizing  the  extremely  expensive  production  facilities. 

To  achieve  this,  there  must  be: 

1)  formally  written  design  standards, 

2)  design  and  production  departments  sharing  in  the  responsi¬ 

bility  for  initiating  and  reviewing  all  proposed  standards, 

3)  design  and  production  departments  actively  work  toward 

achieving  a  consensus  on  proposed  standards,  and 

4)  a  formalized  review  procedure  must  be  established  to  revise 

or  del ete  exi sti ng  standards. 
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SECTION  3 


MATERIAL  STANDARDS 


3,  1  I  NTRODUCTI ON 

One  of  the  most  striking  aspects  of  shipbuilding  is  the  large  quantity 
and  wide  range  of  materials  required.  As  in  many  yards,  I  HI  has  spread  the 
responsibilities  for  the  material  control  function  among  several  depart¬ 
ments.  A  vast  amount  of  information  is  required  to  be  passed  among  these 
departments  and  to  vendors.  This  task  is  made  easier  with  simple  codes 
tapping  detailed  descriptions  of  various  materials.  Here,  as  in  many  other 
aspects  of  shipbuilding,  I  HI  has  developed  standards  both  as  a  means  of 
communication  and  as  a  basis  for  a  computerized  data  base. 

This  section  describes  how  material  standards  fit  into  the  I  HI  system. 
Since  they  are  inextricably  interwoven  into  both  the  design  process  and 
the  material  control  system  (purchasing,  receiving,  storing,  and  issuing), 
it  is  from  these  two  viewpoints  that  the  subject  is  addressed. 

3 .  2  MATERIAL  STANDARDS  AND  THE  DESIGN  PROCESS* 

For  the  designer,  the  material  standards  perform  two  functions.  First, 
they  tell  him  what  is  stocked  (or  available  at  short  notice)  and  second, 
the  interfacing  requirements  for  components  and  equip  me  n  t ,  e .  g . ,  machinery 
and  foundations,  valves  and  piping,  etc.  For  raw  materials,  there  are 
corresponding  design  application  standards  specifying  the  range  and  increment 
of  sizes  to  be  used. 


♦See  TTP  Report  Engineering  and  Design. 
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Designers  specify  material  in  one  of  three  ways: 

1)  By  code  referencing  a  material  standard  (Standard  Drawing) 

Material  requisition  classification  T. 

2)  By  purchase  order  specification,  Normally,  off-the-shelf 
items  in  accordance  with  national  standards  or  vendor-supplied 
information.  Material  requisition  classification  P. 

3)  By  developing  Fabrication  Drawings  for  material  to  be  manu¬ 

factured  by  subcontractors.  Material  requisition  classifi¬ 
cation  D. 

Through  the  use  of  handbooks  and  tables  listing  the  I  HI  material  standards, 
the  designers  prepare  the  various  material  lists:  Material  Requisition 
Orders  (for  steel),  Material  List  by  System  (MLS),  Material  List  for 
Fitting  (MLF),  Material  List  for  Components  (MLC),  and  Material  List 
for  Pipe  (MLP).  It  is  by  intent  that  the  number  of  materials  specified  by 
Standards  (Type  T)  be  much  larger  than  the  number  specified  by  purchase  order 

(Type  P)  or  by  Fabrication  Drawing  (Type  D) .  As  can  be  seen  in  the  examples 
of  material  lists,  Figures  3-1  to  3-4,  all  of  the  items  are  specified  by 
codes  which  are  also  directly  tied  to  the  numbers  for  the  corresponding 
standards. 

As  discussed  in  the  next  section,  reducing  the  number  of  different 
sizes  for  either  raw  materials  or  components  leads  to  reduced  costs  for 
the  material  control  system.  This  has  an  adverse  effect-on  the  designer, 
however,  as  he  no  longer  has  as  wide  a  range  of  sizes  from  which  to  choose. 
Selecting  the  next  size  larger  for  an  item  to  meet  a  require  me  nt  means 
over-design  or  over ■ s pec i f i c at i on  in  many  cases.  During  the  Technology 
Transfer  Program,  IHI  design  engineers  quite  readily  accepted  this  negative 
impact  on  design  as  part  of  their  responsibility  to  reduce  total  ship- 
bui I di  ng  costs. 
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MATERIAL  LIST  BY  SYSTEM 
FIGURE  3-1 


FIGURE  3-2 
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MLP 


DESCRIPTION 


25A 


40A 


50A 


65A 


15B 


25B 


40B 


65B 


25  C 


40C 


50C 


65C 


25CC 


40BB 


50B3 


65BB 


25CC  NK 


40CC  NK 


40CC  AB 


40SC  LR 


25B  NK 


OUTFITTING 
S  NO  CODE 


WEIGHT 


94  (161001  1 


94  161003  1 


94  161005 


94  161006 


94 

161007 

U2HH 

94 

162003 

94 

!  152005 

94 

162007 

94 

162105 

94 

162106 

94 

162118 

94 

162156 

94 


94 


94 


TOTAL  94 


MATERIAL  LIST  (MLP) 


FIGURE  3-4 


93.7 


414.3 


55S.3 


408.9 


369. B 


.2 


127.2 


315.7 


260.8 


18.0 


180.5 


164.1 


193.0 


13.0 


45.1 


59.8 


50.2 


25.0 


90.3 


3,499.6 
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3.3  MATERIAL  STANDARDS  AND  THE  MATERIAL  CONTROL  SYSTEM* 


The  typical  I  HI  material  control  system  is  composed  of  several  subsystems: 
■Data  entry  subsystem 

■Remainder  appropriation  subsystem  (use  up  leftover 
materials  prior  to  new  purchases) 

■Leveling  and  balancing  subsystem 

■Purchasing  subsystem 

■  Del i very  control  subsystem 

■Material  receipt  and  inventory  subsystem 

■Material  issue  subsystem  (including  palletizing) 

When  dealing  with  stock  materials,  IHI  refers  to  the  same  set  of  subsystems 

as  the  Inventory  Control  System.  Figures  3-5,  3-6,  and  3-7  show  the 

functional  flow  of  the  material  control  system  and  the  purchasing  activi- 

ti  es. 


Along  with  the  material  codes  and  material  requisition  codes,  IHI  also 
classifies  material  for  inventory  control  purposes.  The  classifications 
are: 

1)  Stocked  Materi  a  I  s  ( S-  Mater  i  a  I ) 

General  materials  used  on  various  kinds  of  vessels  such  as 
bolts,  nuts,  joints,  packings,  small  chain,  etc.  This 
material  is  always  on  hand  in  a  warehouse  with  set  stocking 
levels  periodically  adjusted  item  by  item  as  historical 
demand  indicates. 

2)  Allocated  Material  (A-Material) 

Materials  used  for  a  specific  vessel  such  as  special  valves, 
special  pipes,  or  equipment.  The  type  and  quantity  is  speci¬ 
fied  item  by  item  by  design  and  purchased  in  the  quantity 
specified. 


*  F  o  r  details  on  the  scheduling  and  procurement  functions,  see  the 
TTP  report  on  Planning  &  Production  Control. 


3-7 


to 

I 

00 
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Material  Code 

Material  Requisition 
Classification 

Material  Control 
Classification 

Code  of  Person  In 
Charge 

(SO  (1111  Standard) 


7 


Haster  Construction 
Schedule  (K.l.D. 
and  Stages) 

Material  Requested 
Date  per  Pallet 


V 


Material  Remainder 
Stocked  Haterla) 


V 


Alms  of  Material  Cont rol  and  Requisition 

Convert  from  design  data  to  procurement  specification. 

Convert  from  data  by  ship/function/stage  to  specifications 
by  material /del  1  very  date. 

Plan  material  procurement  on  schedule. 

Illnlmlte  stocked  material. 


Ha Uriel.  Requl siting 

Check  Material 
Quantity  of: 

Remainder  for 
A-HeteHal 

Stocked  Material 
(Unallocated)  for  AS* 
Material 

Stocked  Material  for 
S-Haterlal 

To  Requisition 
Material  per  Month 


Material  Control  Sheet 

(Per  Material  for  AS 
and  S  Material) 


Material  Control  Sheet 


(Per  Ship  for 
A-Katerlal) 


FUNCTIONAL  FLOW  OF  MATERIAL  AND  REQUISITION 


Material  Requisition 
Sheet 

(Per  Honth  for  AS  and 
S-Haterlal) 


Haterlal  Requisition 
Sheet 

(Per  Ship  for 
A-Materlal) 


FIGURE  3-5 
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PURCHASING  PROCESS 
F.IGURE  3-6 
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FIGURE  3-7  FUNCTIONAL  FLOW  OF  THE  SUBCONTRACTING  PROCESS 


3)  Allocated  Stock  Material  (  AS- Mat  er  i  al  ) 

Materials  used  for  a  specific  vessel  but  needed  in  large 
quantities  such  as  pipe,  flanges,  elbows,  etc,  The  material 
is  ordered  in  leveled  lots  with  total  quantity  determined 
as  the  design  is  f i  nal i zed, 

There  is  a  definite  relationship  between  the  material  requisition 
codes  (T,  P,  and  D)  and  the  material  control  classes  (S,  AS,  and  A), 
Materials  specified  by  standards  (T)  fall  into  all  three  of  the  control 
classes  while  those  specified  by  the  other  two  methods  (p  and  D)  are 
designated  as  Allocated  Stock  (AS)  materials.  Table  T 3 - 1  lists  the 
Allocated  Stock  Materials  for  the  Future  32  ship  used  as  a  basis  for 
the  Technology  Transfer  Program, 

Another  way  of  saying  the  same  thing  is  that  I  HI  has  developed 
standards  or  uses  the  national  standards  for  most  of  the  materials  used 
in  shipbuilding.  Much  of  the  material  is  purchased  under  long  term 
contracts  by  the  Tokyo  Head  Office  or  through  constant  single  sources 
and  fa  mi  lies  of  subcontractors  virtually  slaved  to  the  shipyards,  With 
the  standards  forming  the  data  base  for  the  IHI  computer-oriented 
ma  t  e  r  i  a  I  control  system  such  vendor  relationships  have  lead  to  greatly 
reduced  purchasing  costs.  These  cost  savings  come  about  through  reduced 
purchasing  manhours,  quantity  discounts  and  reduced  inventory  due  to 
reduced  uncertainty  in  delivery  times. 

IHI  has  made  consistent  and  concerted  efforts  to  reduce  the  amount  of 
material  in  inventory  whether  it  be  in  the  warehouse,  steel  stock  yard  or 
in-process.  Largely  as  a  result  of  better  scheduling  (see  Section  6-  Cost 
Standards)  both  in-house  and  with  vendors,  these  efforts  have  succeeded, 

An  extreme  example  perhaps  is  that  the  steel  stockyard  at  the  Aioi  ship¬ 
yard  maintains  only  a  three  to  four  day  supply  of  steel.  Along  with 
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TABLE  T3- 1 


LIST  OF  STOCKED  OR  ALLOCATED  STOCK  MATERIALS  FOR  BULKER 

NAME  OF  MATERIAL 

HANDLE  (GRIP  TYPE)  I  70  K/CM2  TEE  WITH  BITE  FOR  COPPER  BITE 


STEP  (ROUND  BAR) 

SHIP'S  EYE  PLATE  (C-TYPE) 

DITTO  (D-TYPE) 

CARBON  STEEL  PIPE  FOR  ORD.  PIPING 

WELDED  STEEL  PIPES 

CARBON  STEEL  PIPE  FOR  PRESS.  SERV. 

DITTO  HIGH  TEMP.  SERV. 

COPPER  PIPE  AND  TUBE 
RIGID  POLYVINYL  CHLORIDE  PIPE 

MARINE  CAST  IRON  5  K/CM2  GLOBE  VALVE 

DITTO  -  ANGLE  VALVE 

DITTO  10  K/CM2  GLOBE  VALVE 

DITTO  ANGLE  VALVE 

DITTO  5  K/CM2  GLOBE  UNION 

BONNET  TYPE  _ 

MARINE  CAST  IRON  5  K/CM2  ANGLE  UNION 

BONNET  TYPE 

MARINE  BRONZE  16  K/CM2  GLOBE  VALVE 
DITTO  9  ANGLE  VALVE 

DITTO  20  K/CM*1  BITE  TYPE  GLOVE 

VALVE 

MARINE  BRONZE  20  K/CM2  GLOVE  VALVE  WITH 

r»  T  TP  I  lit  T 

Di  1 1  UH1UIH 

5  K/CM2  SLIP-ON  WELDING  STEEL  FLANGE 
10  K/CM2  DITTO 

16  K/CM2  DITTO 

5  K/CM2  BRASS  FLANGE  FOR  COPPER  PIPE 
10  K/CM2  DITTO 

5  K/CM2  FLANGE  FOR  POLYVINYL  CHLO.  PIPE 
DITTO  BLIND  FLANGE 
10  K/CM2  DITTO 

PIPE  BLIND  PLATE 
SLEEVE  TYPE  PENETRATING  PIECE 
STEEL  PIPE  90°  SHORT  ELBOW  (FSGP) 

DITTO  (SS41) 

DITTO  (PT38,  SCH40) 

DITTO  (PT38,  SCH80) 

STEEL  PIPE  (SGP)  CONCENTRIC  REDUCER 
DITTO  (PT38)  DITTO  (SCH40) 

DITTO  (SCH80) 

SLEEVE  TYPE  JOINT  FOR  STEEL  PIPE 
SOCKET  BRAZED  SLEEVE  JOINT 
70  K/CM2  BOTH  SIDE  UNION  FOR  COPPER 
PIPE 
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90°  ELBOW  FOR  RIGID  POLY.  CHLO.  PIPE 
45°  DITTO 

REDUCING  TEE  FOR  DITTO 
90°  REDUCING  "Y"  PIECE  FOR  DITTO 
THREADED  OUTLET 

STEEL  (SS)  DRESSER  TYPE  COUPLING 

SCUPPER  FOR  STEEL  DECK  (5  K/CM2  TYPE) 

DRAIN  PLUG  FOR  STEEL  WALL 

PRESSURE  GAUGE  BOARD 

STANCHION  FOR  GRATING 

SWITCH  TYPE  FIT2 

SWITCH  TYPE  2 

RECEPTACLE  WITH  SWITCH  TYPE  SI 
JOINT  BOX  (W.T. )  TYPE  1  &  2 
OUTLET  BOX  TYPE  C 
BANDING  TYPE  CABLE  HANGER 
CABLE  RACK  TYPE  SS 
CABLE  RACK  TYPE  RSI 
CABLE  SADDLE  TYPE  SF 
ELECTRIC  CABLE  SADDLE  TYPE  UL 
CABLE  MOLE  (POLYVINYL) 

ELECTRIC  CABLE  TRAY  TYPE  CT 
LMbLt.  uuamrjb  itpl  u\ 

CABLE  COAMING  TYPE  CE 
MARINE  WATERTIGHT  CABLE  GLANDS  TYPE  G 
ELECTRIC  CABLE  CONDUIT  TYPE  E 
FITTING  LEG  TYPE  PL1  FOR  PENDANT  LIGHT 
FITTING  LEG  TYPE  PL5  FOR  HANGING  TYPE 
PENDANT  LIGHT 

FITTING  LEG  TYPE  PL7  FOR  HANGING  TYPE 
PENDANT  LIGHT 

SEAT  FOR  BULKHEAD  LIGHT  TYPE  WL3 
SEAT  FOR  SWITCH,  RECEP.,  ETC.  TYPE  ST 
SEAT  FOR  JOINT  BOX  TYPE  SJ-2 
SEAT  FOR  OUTLET  BOX  TYPE  OT-A 
SEAT  FOR  WIRING  APPARATUS  TYPE  SOT-C 
WIRE  ROPE 


frequent  deliveries  of  steel  from  the  mill  nearby,  Livingston  observers 
noticed  a  long  line  of  vendors'  trucks  lined  up  every  morning  at  the 
ma  i  n  gate. 

Warehousing  is  needed  to  act  as  a  buffer  between  two  rates  i.e.,  the 
vendor  delivery  rate  (including  purchasing  lead  time)  and  the  production 
side  consumption  rate.  The  size  of  that  buffer  depends  on  two  things: 

1  )  the  disparity  or  uncertainty  in  the  input/output  rates  and  2)  the 
number  of  different  items  that  require  identifying,  marking  and  segrega¬ 
tion.  Cost  standards,  as  noted  above,  address  the  production  consumption 
rate,  Material  standards  address  both  points. 

Many  major  U,  S.  yards  have  realized  reductions  in  inventory  carrying 
costs  (as  well  as  the  acreage)  by  standardizing  the  numbers  of  different 
sizes  and  thicknesses  of  steel  plates,  I  HI  has  carried  this  process  to 
other  materials  which  in  itself  was  a  major  driving  force  in  the  establish¬ 
ment  of  material  standards. 

3,  4  LIVINGSTON  APPLICATION 

Before  this  program,  the  number  of  IHI  material  standards  greatly 
exceeded  the  number  of  Livingston  material  standards  and  it  still  is  the 
case.  From  many  different  quarters  within  Livingston,  the  list  of  insur¬ 
mountable  obstacles  to  increased  standardization  was  heard  loud  and  long: 
differences  in  government  regulations,  shipyard-vendor  relationships, 

cultural  differences,  competing  sources  of  U.  S.  standards,  the  purchasing 
power  Japanese  shipyards  have  with  multi-ship  contracts,  and  so  on.  Many 

of  these  are  valid  and  will  hinder  the  development  of  material  standards 
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for  s o me  t i  me  to  c o me ,  " 


As  a  result  of  the  study,  Livingston  developed  its  own  versi 
standard  for  sizes  of  steel  plates  and  has  started  to  revise  its 
stock  catalog.  The  overriding  benefit  of  the  program,  however,  i 
awareness  at  many  levels  within  the  company  of  the  importance  of 
standards  for  effective  communication  and  inventory  reduction  and 
commitment  by  management  to  continue  to  develop  those  standards. 


on  of  a 
ma  t  e  r  i  a  I 
s  t  he 
ma  t  e  r  i  a  I 
a 


TOLERANCE  STANDARDS 


4.  1  I  NTRODUCTI  ON 

In  order  to  understand  the  importance  and  the  development  of  tolerance 

standards  at  I  HI ,  the  Accuracy  Control  concept  must  first  be  explained, 

Accuracy  Control  is  an  integral  part  of  the  Quality  Control  function  at 

I  HI ,  The  concept  of  Accuracy  Control  is  simple  in  definition  but  complex 

in  application.  A  full  discussion  of  the  Accuracy  Control  system  is 

provided  in  the  TTP  Final  Reports  entitled: 

Quality  Assurance  ■  Volume  1  Report 

Quality  Assurance  ■  Volume  2  Appendices 

The  Concept  and  Application  of  Accuracy  Control 

Special  Report:  Accuracy  Control  Planning  for 
Hull  Construction 

In  these  reports,  the  objectives  of  Accuracy  Control  were  stated  as 
being: 

1)  To  maintain  the  highest  accuracy  possible  at  each  stage  of 

production  of  every  fabricated  piece,  part,  sub- assembl  y, 
assembly  and  erected  unit. 

2)  To  minimize  the  work  at  the  erection  stage. 

3)  To  consistently  improve  the  production  stage  to  yield  the 

hi ghest  accuracy  i  n  al  I  products. 

At  I  HI ,  Accuracy  Control  is  a  system  inherent  in  the  design  and  pro¬ 

duction  process  beginning  in  Engineering  and  proceeding  through  mo  Id 
lofting,  marking,  cutting,  bending,  welding,  sub-assembly,  assembly, 
erection  and  in  outfitting  activities. 

The  main  goal  of  Accuracy  Control  is  to  perfect  each  production 
method,  technique  and  process  to  such  a  degree  that  each  worker  activity 


has  definitive  standards  to  be  achieved,  a  prescribed  method  of  measurement 
for  finished  material,  and  a  continuous  flow  of  information  between  acti¬ 
vities  resulting  in  the  constant  improvement  of  product  quality  and 
production  efficiency, 

The  basic  operating  premise  of  Accuracy  Control  is  to  keep  high 
accuracy  in  the  shape  of  the  major  hull  units  at  the  erection  stage,  The 
objective  of  this  accuracy  is  to  minimize  the  number  of  labor  hours  and 
the  difficulty  of  the  work  during  erection.  This  is  accomplished 
through  a  sophisticated  system  of  standards,  "check  sheets",  inspections 
and  measurements  during  each  phase  of  ship  construction,  The  concept  of 
Accuracy  Control  at  I  HI ,  indicating  the  objectives  of  the  system,  the 
location  of  the  planning  function  by  the  A/ C  group,  and  the  point  of 
application  of  dimension  checks  and  allowable  tolerances,  is  provided 
as  Figure  4-1. 

The  Accuracy  Control  function  comprises  three  elements:  Planning; 

Field  Activity;  and  Data  Analysis  and  Information  Feedback.  Each  of 
these  activities  is  carried  out  by  several  different  groups  located  in 
different  departments:  the  Shipyard  Design  Department,  the  Panel  Work¬ 
shop,  the  Hull  Workshop  and  the  Fitting  Workshop.  These  Accuracy  Control 
groups  report  to  the  managers  or  superintendents  of  their  respective 
departments  or  workshops. 

The  activities  of  these  various  groups  are  started  well  in  advance 
of  the  development  of  working  drawings,  Accuracy  Control  Planning  is 
undertaken  on  the  basis  of  preliminary  (basic)  design  (which  is  generated 
by  the  I  HI  Head  Office  in  Tokyo)  several  months  prior  to  the  start  of 
fabrication.  This  planning  effort  involves  participation  with  the 


designers  in  determining  the  ship  breakdown,  the  fabrication  sequence,  the 
assembly  sequence,  and  the  erection  sequence,  Subsequently,  Accuracy 
Control  Planners  develop:  Vital  Dimensions  and  Points  of  Accuracy;  the 
Scheme  of  Added  Materials;  Base  Lines  for  lofting  and  measuring;  and 
Tolerance  Standards  for  the  ship  being  planned. 

Subsequent  to  the  completion  of  the  Accuracy  Control  Planning  and  to 
the  start  of  fabrication,  Accuracy  Control  Field  Activities  begin,  These 
activities  consist  of  development  of:  check  sheets  for  fabricated  pieces, 
sub-assemblies,  assemblies,  and  erected  units;  template  and  plate  layout 
requirements;  methods  for  cutting  and  measurement  of  plates;  and  fabri¬ 
cation  methods.  Actual  f i _ e I d  measurements  are  then  taken  on  the 
manufactured  pieces  and  assemblies  by  workers,  Accuracy  Contol  personnel 
and  Quality  Control  personnel  in  accordance  with  the  check  sheet  require¬ 
ments.  Through  this  process,  data  are  collected  for  subsequent  analysis 
and  information  feedback  to  design  or  production  groups. 
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4.2  TYPES  OF  TOLERANCE  STANDARDS  AT  I  HI 


In  all  I  HI  shipyards,  the  use  of  tolerance  standards  isan  integral 
part  of  the  design  and  production  process.  Tolerance  standards  have 
evolved  from  actual  production  practices  over  many  years  and  many  a  series- 
run  of  ships.  For  many  ship  types,  standard  tolerances  are  firmly 
established  and  require  little,  if  any,  modification.  In  these  cases, 
Accuraccy  Control  Engineers  simply  review  ship  specifications  for  any 
requirements  that  would  cause  a  change  to  those  already  in  practice.  In 
the  case  of  a  new  ship  type,  standard  tolerances  are  reviewed  and  changes 
effected  where  necessary  to  comply  with  specification  requirements  or 
with  differing  technical  requirements  for  that  ship.  Generally,  no 
major  revision  of  tolerance  standards  is  required  even  on  new  ship  types. 

The  Aioi  Shipyard  has  developed  the  Accuracy  Control  organization 
over  several  years.  The  two  methods  undertaken  at  IHI-Aioi,  illustrated 
i  n  Fi gure  4- 2,  are: 


REGULAR  CONTROL 

1.  Accuracy  setti  ng  of  equi  pment 
i .  e. ,  N/  C  burning  mac  hi  ne 

F I  a  me  planer  -  We  I  d  i  n  g  ma  c  h  i  n  e  s 

2.  Standards  for  typical  hull 
parts  &  pi eces 


SPECIAL  CONTROL 

1.  Speci  f  i  c  tol  erance  requi  rements 
for  a  ship  type 


2.  Specific  requirements  to  preserve 
accuracy  of  vi tal  poi  nts 


FIGURE  4-2 


The  "regular  control"  type  is  concerned  with  the  routine  tolerance 
accuracy  of  fabricated  pieces  of  any  ship  and  with  the  accuracy  maintenance 
of  the  machines  which  process  those  pieces.  Accuracy  Control  Engineers  are 
responsible  for  field  checks  of  both  the  fabricated  pieces  and  of  the 
related  machines  such  as  the  N/C  burning  machine,  the  flame  planer  and  all 
welding  machines.  Results  of  these  field  checks  are  analyzed  and  plotted 

on  ti me -  based  control  charts  to  detect  any  increase  in  out-of-tolerance 
performance. 

Tolerance  may  be  modified  as  a  result  of  the  Accuracy  Control  planning 
for  vital  dimensions  and  points  of  accuracy  on  individual  components  or 
assemblies.  The  data  collected  by  Accuracy  Control  groups  at  the  time  of 
measurement  of  sub-assemblies  or  assemblies  may  indicate  a  change  to  a 
certain  tolerance  at  some  particular  stage  of  processing.  The  data  analyzed 
may,  for  example,  show  a  trend  toward  an  out-of-tolerance  condition  through 
the  accumulation  of  marginal  tolerances  in  several  pieces  combined  into 
one  sub- assembl  y.  In  this  case,  certain  tolerances  would  be  adjusted  to 
assure  that  the  accuracy  of  the  sub-assembly  was  preserved.  This  type  of 
tolerance  control  is  called  "special  control"  and  is  primarily  oriented 
toward  improvement  of  tolerance  standards  for  a  particular  ship  type. 


4.3  DEVELOPMENT  OF  TOLERANCE  STANDARDS 


During  initial  production,  Accuracy  Cont  r  ol  ■  pi  anni  ng  is  put  into  use. 
Accuracy  Control  activity  in  production  begins  in  the  area  of  mold  lofting 
where  vital  points  and  dimensions  are  specified  for  templates  and  plate 
layouts,  Methods  to  be  used  for  burning  and  measurements  of  cut  plates 
are  also  specified.  The  fabrication  sequence  is  implemented  through 
detailed  schedules  prepared  for  every  level  of  work  and  measurement  require¬ 
ments  are  instituted  by  means  of  Accuracy  Control  Check  Sheets.  During  the 
Production  Planning  phase,  the  Accuracy  Control  groups  "prepare  a  Check 
Sheet  for  each  unit  of  the  ship,  This  Check  Sheet  defines  the  points  to 
be  measured,  the  checking  method,  personnel  responsible  for  the  checking, 
and  the  frequency  of  measurement  required,  Examples  of  these  check  sheets 
for  Fabrication,  Assembly  and  Erection  stages  are  provided  as  Figures  4-3, 
4-4  and  4-5. 

Using  these  Check  Sheets,  measurement  of  fabricated  steel  and  units  is 
performed  using  instruments  such  as  seal  es,  -  wi  re,  transits,  plummets  and 
special  jigs  used  for  unique  parts  not  amenable  to  measurement  by  ordinary 
techniques. 

I  HI  uses  these  check  sheets  to  develop  a  history  of  recorded  data  on 
checks  of  fabricated,  assembled  and  erected  pieces.  With  a  log  containing 
over  fifteen  years'  collection  of. data,  I  HI  was  able  to  develop  standard 
and  tolerance  tables  for  each  of  these  processes  on  all  units,  The  values 
of  these  tolerances  are  generally  stricter  than  those  established  by  the 
ship's  owners  and  the  Japanese  classification  societies.  The  J  SQS  (Japanese 
Shipbuilding  Quality  Standards)  is  the  main  source  for  Japanese  shipbuilding 
standards. 
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ACCURACY  _C_QMTROk  CHECK 


SHEETS  -  FABRICATION. 


i  ACCURACY  CHECK  SHEET 
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FIGURE  4-3 


AC.CURACY  CONTROL  CHFCK  SHEETS  -  ASSEMBLY 


ACCURACY  CHECK  SHEET 

SHIP  NO  |  UNIT  NO  |  SHOP  |  _ _ _ ?ONDITION_  _ 

FINAL  UNIT  ASSEMBLY 


ACCURA 


MARK  ITEM 


ALLOW  ACTUAL  CH0.  NOTICE 
TOL.  DIM 


NOTICE:  AFTER  FITTING, WELDING 


I  AFTER  FITTIN 
NOTICE  :  2  jop  SEAM  AT 
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ACCURACY  CONTROL  CHECK  SHEETS  -  ERECTION 


HULL  NO  UNIT  ERECTION  SEQ.  WT,  m  |  SHIPWRIGHT 


CORR  BHO 


HULL  NO  UNIT 


ERECTION  SEQ.  WT.CT)  SHIPWRIGHT 


UPPER  WING 


MARK  DESCR.  DIMEN 


A  HEIGHT 


CHG. 

NOTICE 

WKR. 

CHECK  AT 
MARKED  LINE 
IN  FINAL 
ASSEMBLY 

MARK 

DESCR. 

A 

WIDTH 

B 

HEIGHT- 

C 

LEVEL 

0 

ALIGNMENT 

AT  EACH 
FRAME 

:  c 

DECK 

SIDE 

JLQJNlL 

1  SET  UNIT  A  LITTLE  HIGHER 

cn 

Z  AOJUST 

-  3  SLIDE  A  FIX- 
1 - | - 1 

GRADUALLY 

DIMEN.  TOLR.  CHG.  I  NOTICE 


Inserted  Unit:  Before  Inserting,  the  length  between  units 
(Inserted  space)  should  be  cheeked  end  finish  cut.  Inserted 
unit  should  be  neat  cut  at  final  assembly. 


rimiRE  4-5 


4,4  EXAMPLES  OF  TOLERANCE  STANDARDS 


Examples  of  tolerance  standards  for  the  two  types  of  control,  regular 
and  special  control,  are  provided  as  Figures  4-6  and  4-7.  A  complete 
text  of  tolerances  in  use  at  I  HI  is  provided  in  the  TTP  Final  Report  on 
Quality  Assurance,  Volume  2,  Appendices  F,  G  and  H,  entitled  as  follows: 

Appendix  F:  I  HI  SPAI S  -  The  Shipbuilding  Process  and  Inspection 
Standard 

Appendix  G:  Standard  and  Tolerance  for  Keeping  High  Accuracy  at 
I  HI  ■  Aioi  Shipyard 

Appendix  H:  Schedule  and  Particulars  of  Inspection  and  Testing 
( Bui  k  Carri er) 

Accuracy  Control  Check  Sheets  are  used  by  workers,  group  checkers, 
assistant  foremen,  and  Ouality  Control  Inspectors  as  the  guiding  infor¬ 
mation  in  the  fabrication  and  assembly  of  all  parts  of  the  ship,  Use 
of  the  Accuracy  Control  Check  Sheets  and  the  I  HI  Standards  manual  provide 
complete  information  as  to  the  dimensions,  methods  and  other  requirements 
expected  from  the  production  process.  Nothing  is  left  to  guesswork  on  the 
part  of  workers  or  their  supervisors. 
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FIGURE  4-6 

TOLERANCE  STANDARDS  REGULAR  CONTROL  (EXAMPLES) 

SHOP 


ITEM 


TOLERANCE 


FREQUENCY 
01,  MEASURING 


REMARKS 


ERECTI ON 
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FIGURE  4-7 

TOLERANCE  STANDARDS  SPECIAL  CONTROL  (EXAMPLES) 


4.5  FEEDBACK  SYSTEM  AND  STATISTICAL  ANALYSIS 


The  Accuracy  Control  Group  at  I  HI  uses  a  feedback  of  actual  data- 
collection  records  and  applies  statistical  analysis  techniques  to  these  . 
data  to  develop  their  tolerance  standards,  The  flow  of  this  feedback 
is  illustrated  in  Figure  4-8. 

Each  piece  and  part  is  measured  at  successive  stages  of  its  progression 
through  the  production  process.  The  measurement  of  these  pieces  determines 
whether  or  not  the  piece  is  within  the  specified  tolerance,  The 
Japanese  are  acutely  aware  of  the  effects  of  cumulative  errors  or  marginally 
acceptable  materials  as  they  progress  through  the  building  process,  They 
recognize  the  importance  of  identifying  and  correcting  persistent  marginal 
errors  and  even  the  tendency  toward  persistent  errors  in  specific  production 
areas  or  processes.  As  a  result,  they  have  adopted  a  statistical  analysis 
method  to  examine  and  reduce  errors  that  recur  .persistently  throughout  the 
building  of  a  specific  ship  type,  This  statistical  analysis  method  is 
based  on  the  data  accumulated  through  the  use  of  a  Quality  Control  Check 
Sheet,  shown  as  Figure  4-9.  This  check  sheet  is  used  for  each  unit 
at  each  production  stage  and  is  signed  by  the  assistant  foreman,  the 
group  checker  and  finally  by  the  Quality  Control  inspector  on  a  number  of 
various  conditions  which  may  exist  on  the  work  at  each  work  station,  One 
side  of  the  check  sheet  is  used  for  "Welding"  inspections  while  the  reverse 
side  is  used  for  "Accuracy"  inspections,  ( WQC  indicates  Welding  Quality 
Control  -AQC  refers  to  Accuracy  Quality  Control).  This  Check  Sheet  is 
physically  attached  to  the  component  or  unit  undergoing  fabrication  or 
assembly  and  is  used  throughout  the  inspection  process  to  document 
deficiencies  and  corrective  action,  All  deficiencies  are  corrected  by 
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the  worker  making  the  error  even  if  the  work  has  been  moved  to  another 
work  station.  The  sheet  is  also  used  by  assistant  foremen  to  remedy 
continuing  problems  in  cutting,  fitting  or  welding  by  identifying  per¬ 
sistent  problems  and  either  obtaining  a  correction  in  design  or  educating 
workers  in  proper  techniques  to  prevent  a  recurrence. 

During  the  processing  of  steel,  each  welder  identifies  his  work  by 
signing  each  weld  he  has  made,  By  this  means  the  group  leader  .and  checker/ 
inspectors  can  identify  the  individual  responsible  for  the  work.  In  out¬ 
fitting,  work  is  identified  to  a  specific  work  group  by  reference  to 
schedules  and  work  locations.  This  is  done  in  each  stage  of  production, 

A  weighted  factor  (based  on  the  importance  of  the  work-performed)  is 
applied  by  the  inspector  to  each  error  to  achieve  a  summary  "grade"  or 
"bad  mark"  for  each  item  inspected,  The  purpose  of  this  system  is  related 
only  to  each  individual's  pride  in  his  workmanship.  No  disciplinary 
action  is  taken  as  a  result  of  "bad  ma  r  k  s " ,  it  is  s i mp  I  y  a  me  a  n  s  of 
publicizing  superior  or-poor  work  both  to  the  individual  worker  and  to 
his  work  group.  These  records  are  also  used  to  assess  the  performance 
of  each  group.  Throughout  the  shipyard,  quality  control  statistics  for 
work  groups  and  production  units  are  posted  to  continually  reinforce 
qual i ty  awareness. 

A  t  ypi  cal  ■  r  ecor  d  sheet  showing  measurements  taken  by  the  workers  at 
the  butt  welding  station  on  the  panel  line  is  shown  on  Figure  4-10.  These 
records  are  maintained  by  the  Assistant  Foreman  of  the  shop,  and  are 
analyzed  by  the  field  engineers,  after  compiling  these  data. 

An  example  of  an  Accuracy  Control  chart  prepared  to  show  the  accuracy 
of  gaps  for  butt  welding  is  given  as  Figure  4-11.  This  type  of  chart  is 
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FIGURE  4-10 

4-18 


O  l 


Edge  Adjustment 
Gap 

Degre  of  Slant 


FIGURE  4-11 

ACCURACY  CONTROL  CHART 


developed  using  the  type  of  data  compiled  on  the  Butt  Welding  Record  Sheet 
and  applying  customary  statistical  analysis  techniques. 

The  control  chart  consists  of  a  central  line  corresponding  to  the 
average  quality  at  which  the  process  is  to  perform  and  lines  corresponding 
to  the  upper  and  lower  control  limits.  These  limits  are  determined 
so  that  the  values  falling  between  them  are  representative  of  an 
acceptable  process  control,  while  values  falling  beyond  them  are 
interpreted  as  indicating  a  lack  of  control.  The  ability  to  read  control 
charts  and  to  determine  from  them  just  what  corrective  action  should  be 
taken  is  a  matter  of  experience  and  highly  developed  judgment.  The  IHI 
A/ C  Engineer  is  trained  in  this  technique  and  becomes  skilled  in  its 
application  and  interpretation.  The  charts  provide  a  me  a  n  s  of  trans¬ 
lating  technical  information  into  a  form  understood  by  workers  at  all 
levels, 

The  symbols  shown  on  this  Accuracy  Control  chart  are  defined  as 
f  ol  I  ows : 

ForT  Curve:  for  R  Curve: 

L.C.L.  =T  -  a21*  L.c.L.  =  d3¥ 

U,  C,  L.  =T  +  A2~R  U.  C.  L.  =  D4  R 

—  Sum  (X) 

*  "  N 

R  =  X  ma  x  -  Xmi  n 

¥  = 

Wh  e  r  e : 

Y  =  Mean  (Average)  Value  of  measured  data  (or  error) 

A2  =  Constant 

N  Number  of  samp  I  es  taken 
Xmax  =  Maximum  Sample  Error  Taken 
Xmi  n  =  Mi  n i  mu m  Sa mpl  e  Error  Taken 

R  =  Range  of  Values  (highest  to  lowest) 

D3  &  D4=  Constant  s 
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In  this  type  of  analysis,  random  sampling  techniques  may  be  used  to 


gather  data.  In  such  a  case,  the  sample  values  must  be  obtained  in 
random  fashion  to  make  the  analysis  valid.  The  data  used  as  sample 
values  may  be  actually  measured  dimensions  or  the  amount  of  error  in 
each  measurement,  in  which  case  the  mean  value  of  X  is  zero. 

Data  gathered  in  this  feedback  process  is  analyzed  to  determine  the 
possible  causes  and  implications  of  the  error  on  "downstream"  work.  The 
Accuracy  Control  Engineer  analyzing  the  error  may  take  one  of  several 
alternative  corrective  measures,  such  as: 

■  Continue  a  mo  re  detailed  investigation 

Review  the  fabrication  method  (to  prevent  heat  distortion, 
to  improve  the  sequence  of  activity,  etc.) 

■  Investigate  the  measurement  instruments  and  methods 

-  Investigate  the  foundation  (such  as  the  platform  as. 
assembly  or  cribbing  at  erection) 

■  Investigate  the  adequacy  of  the  added  material 

Based  on  the  statistical  findings,  the  engineer  deduce  that  the 
fabrication  method  itself  yields  a  large  variance  and  may  result  in  out- 
of-tolerance  errors.  In  this  case,  he  will  take  steps  to  perfect  the 
fabrication  method  to  obtain  uniform  and  acceptable  results  on  each  piece 
so  fabricated.  This  may  involve  a  change  in  fabrication  sequence,  methods, 
personnel  training  or  adoption  of  an  entirely  new  fabrication  process. 

An  example  of  corrective  action  taken  on  the  basis  of  analysis  of 
statistical  data  f ol I ows : 
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The  following  conditions  may  exist  when  the  gap  is  measured,  for  which 


appropriate  action  for  each  condition  is  specified: 


Condition 
GA  >  Gn 
Ga  >  Gw 


Cor  rect i ve  Act i on 

Cut  the  plate  back  to  Gn  (Case  I  ) 

Build  up  to  the  required  bevel  using 
a  backing  strip  (Case  II) 


Gn  >  Ga  £  Gw  No  correction  is  necessary 
A  plot  of  the  errors  found  in  the  measurements  of  the  butt  welds  in 
this  example  would  result  in  a  distribution  similar  to  this: 


u  =  X  =  Mean  (average) 

cr  =  Standard  deviation  (calculated  by  for  mu  la) 
ti  =  Tolerance  value  (lower  control  limit  for  Gn) 
t2  =  Tol  erance  value  (upper  control  limit  for  Gw) 

•  =  Area  of  curve  beyond  tl,  indicating  probability  of  errors  for 

val  ues  beyond  Gn 

A2  =  Area  of  curve  beyond  1 2 ,  indicating  probability  of  errors  for 
val  ues  beyond  Gw 

The  shaded  area  indicates  the  probability  that  a  measured  gap  will  be 
beyond  acceptable  limits,  or  tolerances.  By  applying  statistical  means, 
this  area  can  be  intentionally  changed  simply  by  shifting  the  mean  value. 
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To  illustrate  the  merit  of  this  feature  of  statistics,  suppose  it  is 
preferable  to  weld  with  a  backing  strip  than  to  gas  cut  in  order  to  correct 
errors,  The  objective  in  such  a  case  (after  accepting  the  fact  that  a 
certain  percentage  of  errors  will  occur)  would  be  to  increase  the  likeli¬ 
hood  of  errors  requiring  welding  for  correction,  or  decreasing  the 
likelihood  of  errors  requiring  cutting,  The  effect  of  a  shift  in  the 
distribution  of  errors  would  result  in  a  modification  of  the  normal  distri- 
butl on  curve  as  foil ows: 

Di  st  r  i  but  ion  of  Errors 


The  shaded  areas  in  this  illustration  indicate  the  differences  in  amount 
if  errors  expected  to  be  found  in  each  case,  as  caused  by  the  shift  in  mean 
value.  With  a  shift  of  the  curve  and  standard  deviation,  and  retention  of 
t]  and  t2  values,  the  modified  distribution  is  the  same  but  the  area  A2  is 
smaller  than  area  A-j .  This  means  there  was  some  increase  in  welding  with 
backing  strips  to  correct  errors  while  there  was  a  greater  degrease  in 
cutting  corrections  required. 
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In  summary,  this  exercise  illustrates  the  effect  of  changing  a  fabri¬ 
cation  method  to  achieve  a  desired  type  of  error  correction,  By  examining 
the  actions  required  to  correct  errors,  the  method  can  be  changed  in  such 
a  manner  that  the  errors  will  be  shifted  in  the  direction  of  the  easiest 
corrective  measures.  The  number  of  errors  were  not  changed,  but  the  ratio 
of  errors  by  the  two  causes  were  changed.  Through  random  sampling  tech¬ 
niques  and  statistical  analysis,  the  effect  of  these  changes  can  be 
predicted,  measured,  and  followed  up  through  feedback  analysis. 

Accuracy  Control  Engineers  at  I  HI  follow  a  simplistic  but  highly 
effective  regimen  of  "Plan  ■  Dc  ■  See  ■  Action"  wherein  they  accomplish 
the  planning,  observe  the  production  operation(s)  accomplished  under  such 
planning,  and,  based  on  the  data  accumulated  from  such  observations  and 
from  Accuracy  Control  prescribed  measurements,  take  the  necessary  action 
to  remedy  or  perfect  the  production  method  to  achieve  the  desired  results. 

From  analysis  of  the  measurement  data,  appropriate  action  is  taken  by 
the  Accuracy  Control  Engineer  through  feedback  of  information  to  the 
applicable  department  or  group.  This  feedback  is  a  vital  loop  in  the 
overall  Accuracy  Control  scheme  and  not  only  prevents  errors  from 
recurring,  but  provides  the  action  necessary  to  the  continuing  improvement 
of  product  and  production  system,  Examples  of  this  feedback  are:  a 
change  to  the  dimension  of  added  material  requires  a  modification  to  the 
working  drawing,  therefore,  Engineering  is  so  notified;  an  addition  of 
Baselines  in  the  output  of  the  mold  loft  requires  feedback  to  the  loft; 
a  change  in  the  fabrication  method,  or  the  platform  at  assembly  or  welding 
procedure  requires  feedback  to  Production  and  to  the  Planning  and  Design 
Staff  responsible  for  a  given  workshop. 
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APPLI CAT  I ONS 


A  •  L  tauV  nl  . 

Prior  to  the  Technlogy  Transfer  Program,  Livingston  had  not  published 
formal  tolerance  standards  for  internal  use  in  hull  construction  methods. 
There  were  plans  to  develop  these  standards,  relying  heavily  on  the  Survey 
OF  Structural  Tolerances  in  the  United  States  Commercial  Shipbuilding 
Industry  compiled  by  the  Ship  Structure  Committee  and  published  in  1  9  7  8. 

The  adoption  of  unitized  -  s.-.J-  •. essels  increases  the  impor¬ 
tance  of  tolerance  standards  to  insert  p  .  rectability  of  assembled 

units.  IHI  engineers  contributed  to  •' <.  v  ment  of  tolerance  standards 
for  Levirgston  compatible  with  the  unit  system  being  implemented,  by 
their  input  and  their  comments  on  draft  proposals.  Livingston  .engineers 
reviewed  I  HI ' s  Tolerance  standards  published  in  the  aforementioned  docu- 

SPAI  S  (Shipbuilding  Process  and  Inspection  Standard)  and  Standard 
Tolerance  for  keeping  High  Accuracy  at  IHI-Aioi  Shipyard,  for  ideas 
on  types  of  standards,  for  mat  of  information,  and  specific  tolerance  . 
al  I owances. 

Livingston  published  standards  for  welding  and  for  joint  details, 
including  tolerance  limit  values,  prior  to  TTP.  These  standards  specify 
edge  preparation  fitting  and  welding  techniques  as  allowed  in  the  welding 
procedure  qualification  process.  Since  inception  of  TTP,  Livingston  has 
issued  tolerance  standards  for  hull  construction  in  the  areas  of  hull 
details  ( e .  g . ,  fitting  accuracy),  ship  design  (overall  hull  dimensional 
deviations),  in  piping  ( e .  g . ,  butt  we  I  d  fitting  ma  t  e  r  i  a  I  r  e  q  u  i  r  e  me  n  t  s ) . , 
and  in  flat  panel  assembly  ( e .  g . ,  structural  alignment).  Examples  of 
Livingston's  tolerance  standards  are  given  as  Figures  4-12  and  4-13. 


OBJECT 


MATERIAL 


TOLERANCE  LIMIT 


T  =  THICKNESS 

THE  WALL  THICKNESS 
SHALL  NOT  AT  ANY 
POINT  BE  LESS  THAN 
87  1/2%  OF  THE  NOM¬ 
INAL  THICKNESS. 


I.  D.  =  INSIDE  DIA. 

A.  UP  TO  2  1/2"  - 
+  1/32" 

B.  3"  TO  8"  -  + 
1/16" 

C.  10“  TO  18"  -  + 
1/8" 

D.  20"  TO  48"  -  + 
3/16" 


REMARKS 


PER  ANSI  B16.9 


O.D.  =  OUTSIDE  DIA.  PER  ANSI  B16.9 

A.  UP  TO  2  1/2" 

+1/16"--  1/32" 

B.  3”  TO  4"  +1/16" 

-1/16" 

C.  5“  TC  8"  +3/32" 

-1/16" 

D.  10"  TO  18"  +5/32 
-1/8" 

E.  20”  TO  48"  +1/4" 

'  -3/16" 


FIGURE  4-12  LEVINGSTON  TOLERANCE  STANDARDS  -  EXAMPLE 
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MATERIAL 


SURFACE  AREA  RATIO 


5  10  15  20  25  30  35 


DEPTH 

(Decimal  of  Inches) 


1)  GRADE  "A"  -  SLIGHT  NO  REPAIR 
NECESSARY. 

GRADE  ”B”  -  MEDIUM  DISORDER, 
REPAIR  IF  NECESSARY. 

GRADE  "C”-  SERIOUS  DISORDER  NEEDS 
REPAIR. 

2)  REPAIR  METHOD  -  GRIND  OR  UELD 
&  GRIND. 

MILL  STANDARD  -  1/8”  or  7%  OF 
PLATE  THICKNESS. 


1/8”  or  7% 


SURFACE  AREA  RATIO 


2  A  6  8  10  12 

llll  <  L 


.005  “  A  — - - - 

.01  ~ 

.015  -  E 

.02 - 

.025  - 

.03  ~  - 

.035  - 

.04 - - 

.045  - 
.05  - 
DEPTH 

(Decimal  of  Inches) 


1)  GRADE  "A"  -  SLIGHT  NO  REP  A7" . 
NECESSARY. 

GRADE  ”B"  -  MEDIUM  DISORDER  REPAIR 
IF  NECESSARY. 

GRADE  "C"  -  SERIOUS  DISORDER. 
SEEDS  REPAIR. 

2)  REPAIR  METHOD  -  SAME  AS  PIT 
REPAIR 


FIGURE  4-13  LEVINGSTON  TOLERANCE  STANDARDS  -  EXAMPLE 
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Instructions  for  repair  of  out ■ of ■ t ol  er ance  errors  are  included  in  the 
"Remarks"  column  of  this  form,  These  standards  were  issued  with  the 
notation  that  every  effort  is  still  expected  to  be  made  to  obtain  required 
dimensions.  It  is  further  stated  that  the  tolerances  are  an  indication  of 
the  lowest  acceptable  level  of  performance  and  not  to  be  interpreted  as  an 
allowable  standard  for  everyday  work. 

Livingston’s  tolerance  standards  were  developed  using  experience  and 

knowledge  of  their  personnel  as  well  as  a  number  of  external  sources.  As 

mentioned  earlier,  IHI  input  and  the  1978  Structural  Tolerance  Survey  were 

reviewed.  In  addition,  other  sources  included: 

ABS  .(American  Bureau  of  Shipping) 

USC6  (United  States  Coast  Guard) 

Navy  (Navy  Ships  Military  Standards) 

ASTM  (American  Society  for  Testing  &  Materials) 

ANSI  (American  National  Standards  Institute) 

I  MCO  (Intergovernmental  Maritime  Consultive  Organization 

A  committee  was  formed  with  representatives  from  the  Engineering, 

Accuracy  Control,  Production,  Industrial  Engineering  and  Manufacturing 
Engineering  Departments  to  develop  Livingston's  tolerance  standards,  All 
known  sources  of  published  standards  were  used  as  guidelines  to  determine 
the  standards  for  Livingston.  However,  there  is  very  little  in  the  way  of 
published  tolerance-standards,  Vague  terms  such  as  “in  accordance  with  good 
shipbuilding  practice"  are  the  most  commonly  occurring  specifics.  The  final 
standards  arrived  at  are  unique  to  Livingston  due  to  equipment  used,  construc¬ 
tion  methods,  inspection  methods,  accuracy  objectives,  etc.  The  IHI  standards 

revi  ewed  during  Livingston’s  research  were  found  to  be  generally  tighter  than 
those  set  by  Livingston. 

In  the  future,  Livingston  anticipates  the  development  of  tolerance 
standards  in  areas  beyond  those  already  established;  such  as  those 
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4.7  CONCLUSION 


Tolerance  standards  for  a  given  shipyard  must  reflect  the  conditions, 
equip  me  n  t  and  methods  of  operation  at  that  particular  facility.  The 
standards  are  invaluable  to  maintain  a  satisfactory  program  of  accurate 
workmanship.  The  data  collection  system  used  to  develop  these  standards, 
the  flow  of  information  to  appropriate  departments,  and  the  standards 
devised  by  classification  groups  or  used  at  other  locations  are  trans¬ 
ferable  as  guidelines  for  a  facility  to  use  in  initiating  its  own  program. 
The  I  HI  system  was  discovered  to  be  very  comprehensive  and  containing 
rigid  standards  by  comparison  to  Livingston's  past  guidelines  for 
tol erances. 

The  tolerance  standards  program  at  I  HI  ties  in  directly  with  the 
Accuracy  Control  function  within  their  Quality  Control  division.  Their 
Accuracy  Control  function  comprises  three  elements: 

PI  anni  ng 

Field  Act  i  vi  ty 

Data  Analysis  and  Information  Feedback 

The  tolerance  standards  at  I  HI  have  been  developed  over  a  period  of 
many  years  and  several  series-runs  of  ships.  This  results  in  little,  if 
any,  modification  of  tolerance  standards  for  a  new  ship  contracted.  In 
cases  where  tolerances  need  to  be  changed,  volumes  of  data  and  vast  know¬ 
ledge  from  personnel  are  available  to  draw  upon. 

The  connection  between  tolerance  standards  and  each  of  the  three 
elements  of  accuracy  control  may  be  summarized  as  follows: 

PI  anni  nq  Acti  vi  tv:  One  of  the  two  types  of  control  for  tolerance  stan¬ 
dards,  i.e.,  either  regular  or  special  control,  is  applied  at  the  planning 
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stage.  Tolerances  requiring  special  control  are  Identified  for  application 
to  vital  measurement  points,  vital  dimensions,  and  base  lines. 

Field  Act  i  vi  ty:  Tolerance  standards  specifying  allowable  limits,  and 
measurement  standards  specifying  tools  and  techniques  to  use,  are  prepared 
and  recorded  on  "check  sheet"  for  ms. 

Feedback  Act i vi  t  y :  Tolerances  are  revised  as  necessary  to  reflect 
changes  in  design,  fabrication  method,  inspection  method,  or  equipment 
used.  Records  of  data,  statistical  analysis  and  graphs  are  used  to  provide 
feedback  of  information  to  prevent  recurrence  of  errors  and  to  assist  in 
devising  improved  methods  of  operation. 

Livingston  benefitted  significantly  from  the  institution  of  I  HI' s 
Accuracy  Control  concept,  A  program  for  development  of  tolerance  standards, 
related  to  this  overall  system,  has  been  initiated  at  Livingston  with 
issuance  of  some  tolerance  standards,  but  a  number  of  other  areas  are  still 
targeted  for  future  extension  of  this  idea. 

The  check  sheets  used  at  Livingston,  similar  to  the  forms  used  at  I  HI , 
document  the  data  collected  during  routine  inspections.  This  data  is  use¬ 
ful  to  establish  the  types  and  occurrences  of  out- of- tol  erance  errors.  A 
dimension  found  to  be  out  ■  of  ■  t  ol  er  anc  e  is  so  noted  on  the  designated  space 
on  the  check  sheet,  along  with  the  required  corrective  action.  Compilation 
of  this  data  provides  a  feedback  system  with  two  primary  objectives: 

1 )  Anal  y s i  s  of  Data:  to  insure  correct  marriage  of  units; 

to  provide  data  for  graphs  as  reference  both  for  fit-up  of 
units  as  they  are  erected  and  for  future  hull  construction; 
and  for  assistance  toward  making  decisions  on  approval  of 
measured  pieces. 

2)  I  mpr  ovement  s  in  Oper  at  i  ons :  to  revise  tolerances  as 

necessary  in  accordance  with  information  supplied  by 
check  sheets;  to  suggest  improved  equipment  and/or 
facilities;  to  determine  optimum  construction  methods, 
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The  feedback  system  is  an  essential  ingredient  for  developing, 
maintaining  and  revising  tolerance  standards.  The  system  relies  on  a 
substantial  amount  of  data  collection,  but  amply  compensates  for 
itself  by  providing  information  vital  to  sustaining  a  reliable  accuracy 
control  program.  This  becomes  especially  visible  at  the  assembly  and 

erection  stages,  where  ease  of  fit-up  is  directly  related  to  the  accuracy 
of  work  in  the  preceding  stages.  Improvements  in  this  area  easily  justify 
a  comprehensive  program  of  well-established  tolerance  standards  for  any 
shipyard. 
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SECTION  5 


PROCESS  STANDARDS 


5,  1  I  NTRODUCTI  ON 

The  term  "process  standard"  can  have  a  wide  variety  of  definitions,  and 
may  be  used  in  both  broad  and  restrictive  contexts,  For  the  purpose  of  this 
section,  a  process  standard  is  defined  as  follows: 

A  process  standard  is  an  established  method  prescribing  a  uniform 
sequence  for  performing  an  operation  or  set  of  operations. 

This  definition  indicates  that  a  "process  standard"  and  a  "standard 
"  process"  are  ter  ms  that  may  be  used  interchangeably-.  This  definition  is  pre¬ 
sented  in  order  to  distinguish  a  process  standard  from  a  cost  standard  as  they 
are  described  in  this  report.  The  main  distinction  canbe  expressed  by 
stating  that  a  me  a  s  u  r  e  me  n  t  of  p  e  r  f  o  r  ma  n  c  e  of  a  "process  standard"  results  in 
a  "cost  standard". 

This  difference  between  "process  standard"  and  "cost  standard"  is  ex¬ 
plained  in  detail  at  this  point  because  the  term  "process  standard"  was  often 
used  by  IHI  in  such  a  manner  that  it  could  be  considered  inclusive  of  both 
ter  ms.  The  discussions  applicable  to  process  standards  are  contained  in  this 
section  of  the  report.  However,  some  of  I  HI' s  recommendations  and  related 
charts  included  in  the  section  on  cost  standards  are  referred  to  as  "process 
standards". 

The  term  "process"  is  also  used  both  broadly  and  restrictively.  To 
understand  the  meaning  of  this  term  as  used  in  this  report,  the  following 
definition  is  offered: 
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A  Process  is  an  operation  or  sequence  of  operations  performed  on  a  com¬ 
ponent  which  changes  the  characteristics  of  the  component, 

In  this  context,  then,  a  process  may  be  broad  (eg,  cutting,  assembly) 
or  specific  (HI  C  cutting,  flat  panel  assembly). 

I  HI  maintains  a  wealth  of  process  standards  in  the  forms  of  manuals, 
operating  guidelines,  written  procedures,  instructions,  etc,,  which  are  used 
throughout  the  shipbuilding  process.  They  also  maintain  numerous  records, 
lists  and  logbooks  which  are  used  to  develop  these  standards. 

Each  shipyard  has  different  methods  and  techniques  for  shipbuilding 
caused  by  variations  in  facilities,  ship  types,  throughput  capabilities,  and 
other  differences.  However,  the  basic  shipbuilding  process  is  quite  univer¬ 
sal.  It  is  important  for  each  shipyard  to  designate  acceptable,  uniform 
methods  to  be  used  to  achieve  the  most  satisfactory  results  for  that  particu¬ 
lar  facility,  This  is  the  purpose  of  the  process  standards  as  they  apply  to 
specified  operations. 

IHI  expresses  the  basic  considerations  necessary  to  implement  effective 
steel  construction  in  the  following  manner: 

1)  For  smooth  progress  of  erection  work,  every  unit  of  hull  construction 
must  be  prepared  on  schedule. 

2)  For  smooth  progress  of  each  stage  of  production,  the  necessary 
materials  for  each  stage  must  be  prepared  on  schedule. 

3)  Although  the  processes  vary  between  shipyards,  a  basic  concept  of 

"group  technology"  can  be  applied  to  any  process  flow  e  x  a  mi  nation. 

The  group  technology  concept  advanced  by  the  Japanese  refers  to  the 
total  scope  of  activities  extending  beyond  just  the  standardization  of  pro¬ 
cesses.  Group  technology  refers  to  the  breakdown  of  a  whole  into  component 
parts.  In  shipbuilding,  this  corresponds  to  breaking  the  ship  into  units  at 
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the  design  stage  and  segmenting  the  shipyard  layout  by  process  definition, 

These  applications  of  group  technology  are  interrelated  by  coordination  of 
efforts  between  design,  material  procurement,  process  utilization  and  produc¬ 
tion  needs.  A  primary  objective  of  this  unitization  concept  is  the  maximum 
utilization  of  standardization. 

The  group  technology  concept  is  visible  in  the  Japanese  organization. 

Field  engineers  fall  within  the  Production  organization.  These  engineers 
accomplish  the  detail  planning,  scheduling,  trouble  shooting  and  coordination 
of  activities  within  each  workshop,  They  develop  all  the  lower  level  infor¬ 
mation  required  to  procure,  fabricate,  sub-  assembl  e,  assemble  and  erect  the 
component  parts  of  a  ship.  From  their  data  collection,  techni cal -experti se 

and  thorough  knowledge  of  the  operations  within  their  workshops,  they  form¬ 
ulate  the  process  standards  used  in  this  area,  Their  close  interaction  with 
workshop  personnel  and  the  requirement  for  their  development  of  process 
measurement  and  control  graphs  (eg.  manhours  per  inter  of  weld  deposit),  pro¬ 
vides  constant  opportunity  for  them  to  analyze  improved  methods  for  doing 
virtually  every  job  in  the  shipyard,  The  improvement  of  productivity  is  one 
of  their  express  objectives,  and  the  development  and  use  of  process  standards 
is  one  of  their  primary  means  of  achieving  this  objective.  Further  dis¬ 

cussion  of  the  group  concept  can  be  found  in  the  TTP  Final  Report  on  industrial 
Rel  at i  ons . 

The  process  flow  charts  as  organized  at  I  HI  are  provided  as  Figures  5-1 
through  5-7,  The  charts  incorporate  steel  and  outfitting  processes  into  the 
f ol  I  owi  ng  categories: 
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MOLD  LOFT 


This  work  is  divided  into  three  classifications: 

1)  Panel 

2)  Longitudinal  Fra  me 

3)  Internal  Member 

The  internal  member  classification  is  further  divided  into  EPM  or 
NC  processes. 

These  classifications  were  determined  on  the  basis  of  similarity 
techniques  involved. 

FABRI C  AT  I  ON 

Thi s  consi sts  of  four  categori  es: 

1)  Panel 

2)  Internal  Member  s 

3)  Angl  e 

4)  Built-up  Longitudinal 

These  are  sub-divided  into  processes  according  to  facilities. 

SUB- ASSEMBLY 

About  one-third  of  the  total  assembly  weight  is  produced  at  this 
level  prior  to  the  start  of  assembly  work. 

ASSEMBLY 

This  consists  of  three  categories: 

1)  Panel  Unit 

2)  Semi -  Panel  Unit 

3)  Curved  Panel  Unit 
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FIGURE  5-3  FLOW  CHART  OF  FABRICATION 
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FIGURE  5-4 
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FIGURE  5-5 


These  processes  are  classified  in  this  manner  to  achieve  the  highest 
productivity  for  each  type  through  full  utilization  of  specific  facilities 
for  those  processes. 

ERECTI ON 

This  consists  of  the  work  involved  from  arrangement  of  the  jig  to  the 
i  nspecti  on  acti vi  ti es. 

5.  2  SIGNIFICANT  DIFFERENCES  ( I  HI  VS.  LIVINGSTON  )  &  SUGGESTED  IMPROVEMENTS 
I  HI  pointed  out  the  significant  differences  between  Livingston  and  I  HI . 

The  fundamental  difference  in  organizations  concerning  application  of  group 
technology  was  reiterated.  Within  the  processes  themselves,  the  greatest 
points  of  differences  were  found  to  be  in  the  sub-assembly  and  assembly  areas. 
Specific  differences  and  recommended  improvements  for  standardization  of  the 
processes  i  ncl  uded  the  foil  owi  ng: 

1)  Maximize  assembly  of  small  pieces  at  the  sub-assembly  stage,  thereby 

decreasing  the  amount  of  this  minute  work  required  at  assembly  stages. 

2)  Classification  of  assembly  work  into  the  categories  previously  listed 

wi  th  the  foil  owi  ng  obj  ecti  ves: 

-Maximum  utilization  of  facilities  to  obtain  the  highest  productivity. 

-Achievement  of  the  most  performance  by  means  of  having  workers  per¬ 
manently  stationed  at  fixed  work  sites. 

3)  Utilization  of  welding  in  the  flat  position,  in  order  to  obtain  good 

performance  and  high  productivity. 

In  the  area  of  outfitting,  specific  recommendations  made  by  IHI  to  im¬ 
prove  on  the  standardization  concept  concerned  greater  utilization  of: 

1)  Pre-  Outf i tt i  ng:  Modul e  Stage 

2)  Pr e- Out f i 1 1 i  ng:  On- Uni t  Stage 

3)  Pipe  Fabrication:  In  t  he  Shop 
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Specific  recommendations  concerning  improvement  on  the  individual  pro¬ 
cesses  are  covered  in  the  remainder  of  this  section.  The  relationships 
between  process  standards,  cost  standards  and  methods  improvements  overlap 
in  these  discussions,  so  that  a  preview  of  the  material  covered  in  the  TTP 
Final  Report  on  Facilities  and  Industrial  Engineering  aids  in  comprehension 
of  the  remainder  of  this  report.  Also,  the  development  of  process  standards 
is  closely  linked  to  the  “process  lane"  concept  recommended  by  I  HI ,  which  was 
adopted  at  Livingston  as  a  "gate  system",  This  concept  is  thoroughly  dis¬ 
cussed  in  the  TTP  Final  Report  on  Planning  and  Production  Control,  and  should 
be  reviewed  before  the  remainder  of  this  report  can  be  understood. 

Figure  5-8  illustrates  the  general  concept  of  the  Gate  System  implemented 
at  Livingston  as  it  applies  to  shipbuilding.  This  concept  is  divided  into  the 
plans,  schedules  and  operating  procedures  shown  on  Figure  5-9.  The  aspects  of 
the  gate  system  are  further  detailed  into  individual  elements  as  listed  in 
Figure  5-10.  This  section  on  Process  Standards  is  specifically  aimed  at  the 
aspect  regarding  standard  work  flow  in  each  area,  particularly  the  detail  pro¬ 
cedures  for  each  area.  This  procedure  requires  analysis  of  the  facilities  and 
the  work  breakdown  assignments,  examination  of  methods  for  their  description, 
and  improvement  and  identification  of  the  skills  and  equipment  needed.  The 
process  standards  will  then  beusedtodevel  op  time  standards,  cost  standards 
and  manpower  requirements  to  analyze  productivity  and  to  provide  data  for 
planning  and  scheduling  purposes,  The  objective  of  standardizing  processes 
is  to  organize  procedures  in  a  uniform  and  repetitious  manner  for  use  in  form¬ 
ulating  accurate  schedules  in  the  easiest  fashionable  manner. 
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Planning  at  the  p  r  e  I  i  mi  n  a  r  y  stage  as  presented  in  this  discussion  is 
based  on  the  implementation  of  the  gate  system.  As  previously  described,  an 
essential  ingredient  in  the  establishment  of  basic  procedures  is  the  assign¬ 
ment  of  areas  where  similar  work  is  to  be  performed.  This  allows  flow  charts 
to  depict  the  gates  through  which  a  unit  will  pass  in  the  fabrication  and 

assembl  y  processes. 

I  HI  assessed  Livingston's  system  of  reporting  and  application  of  the 
unit  division  to  working  procedures.  Figure  5-11  represents  I  HI' s  evaluation 
of  Livingston's  flow  of  work,  and  Figure  5-12  illustrates  their  view  of  the 

functions  of  the  records  and  documents  maintained.  I  HI  recommended  some  addi 
tional  functions  within  Livingston's  flow  system,  shown  on  Figure  5-13,  for 
the  purpose  of  providing  more  useful  data  in  the  planning  and  scheduling  pro¬ 

cess,  This  recommended  system  was  perceived  by  I  HI  to  result  in  a.  revised 
set  of  documenting  functions,  as  depicted  in  Figure  5-14. 

The  objective  of  this  proposal  was  to  provide  a  system  whereby  standard¬ 
ized  procedures  would  be  written  and  utilized  to  improve  scheduling 
dependability.  Reports,  records  and  available  data  that  were  recommended  to 

achieve  this  goal  i  ncl  uded: 

1)  Establishment  of  records  to  be  used  in  formulating  process  standards 

2)  Creation  of  Unit  Information  Lists  for  use  in  conjunction  with  the 

present  Work  Order  System. 

3)  Establishment  of  Fabrication  Schedules  and  Erection  Schedules  that 

complement  the  Assembly  Schedules. 

4)  Providing  a  Leveling  Process  to  convert  Rough  Schedules  to  confirm¬ 

ed  schedules  at  each  stage  of  construction. 

5 )  Providing  detailed  a  s  s  e  mb  I  y  procedures  to  field  personnel. 


ROUGH  PROCEDURE 


ROUGH  ASSEMBLY  SCHEDULE 


PRESENT  PLANNING  FLOW 
FIGURE  5-11 


1 


RECORDS 


PROCESS 

STUO»RP 


f 

I - - 1 

I  1 

•  i 

I  I 


I 


D 


twn  Division 


I 


NUUJHG 


ROOGK  PROCEDURE 


rough  erect  iot.  schedule 


1 


uxn  iHTnenMiOfc 


I 


ROUGH  MSfWlT  SCHEDULE 

. 

LEVELLING 

CWIWIS  FABSICRTIOU  SOCPJLE 

CONFIRMED  ASSEWU  SCWDULE 

n 

= 

r~  Tl 

i 

1 


coKnimiD  erectio*  sctcuar 


detail  P 

ROCEDURE 

RR  ORDER 

i_  Z3 


E 


I 


1 


W*Ct 

cmrotiEtn 

CURVED 

riK»L 

LIU 

ASSEWU 

ASSEWi-t 

assewlv 

S! AlllS  ArrORT 


CHFCK1NC. 

CAIttRlK. 


7-, 

I  i 
i  1 
l  1 
l  l 


RECOMMENDED  FLOW  OF  PLANNING 
FIGURE  5-13 


5-21 


6)  Development  of  work  manuals  for  use  in  the  field. 

7)  Formulation  of  record-keeping  that  provides  feed  back  as  well  as 

data  to  be  used  in  subsequent  planning  and  scheduling  efforts. 

The  process  standards  will  deal  with  the  procedures  specifying  the  methods 
to  be  employed.  These  consist  of  rough  procedures  drawn  up  in  the  early  stages 
as  planning  efforts  in  the  assignment  of  work  within  gates,  and  the  detail 
procedures  designating  the  method  of  constructing  each  assembly  unit.  These 
process  standards  are  used  to  develop  cost  standards,  which  are  vital  elements 
toward  establishment  of  accurate  schedules. 

The  initial  step  proposed  by  I  HI  to  establish  standard  work  procedures 
involves  division  of  the  ship  into  manageable  units  that  f  i  t  -  -  wi  t  h  i  n  the  cap¬ 
abilities  of  the  available  facilites.  The  main  objective  at  this  stage  is  to 
maximize  efficiency,  safety  and  accuracy  at  the  assembly  and  erection  stages. 
Figure  5-15  represents  a  division  of  the  F  -  3  2  ship  into  assembly  units. 

Following  division  of  the  hull  into  units,  typical  common-shaped  units 
are  sketched  to  demostrate  the  assembly  sequence  of  each  unit  and  issued 
to  I  HI  engineers  in  a  "Guide  to  the  Construction  of  Units."  An  example 
of  a  typical  unit  assembly  plan  is  provided  as  Figure  5-16.  The  objective 
of  this  step  is  to  further  promote  high  productivity  and  quality  through  the 
specification  of  efficient  assembly  procedures. 

IHI  recommended  use  of  forms  as  shown  on  the  foregoing  figures  for 
collection  of  data  essential  to  development  of  process  standards.  These  forms 
include: 

Material  List  by  System  (MLS):  A  system- oriented  list  of  materials 
used  for  procurement  purposes,  specifying  location  of  the  material  within 
ship  zones.  An  example  is  provided  as  Figure  5-17. 
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Unit  Information  List:  This  list  designates  for  each  unit  the 
physical  characteristics  of  the  unit  and  the  process  flow,  or  gate 
sequence.  This  list  is  illustrated  by  example  in  Figure  5-18. 

Basic  Production  Flow  List:  This  list  is  the  basic  for  information 
included  on  the  Unit  Information  List.  It  is  produced  through  consider¬ 
ation  of  weight  and  size  of  each  unit,  taking  into  consideration  the 

capabilities  of  each  process  gate.  An  example  is  provided  as  Figure  5-19. 

I  HI  prepares  formal  Assembly  Specifications  Plans  based  on  the  infor¬ 
mation  developed  during  the  preliminary  process  planning  stage.  These  plans 
detail  the  methods  to  be  followed  during  fabrication,  assembly  and  erection. 

Preliminary  Assembly  Specification  Plans  are  prepared  for  units  of  the 
fore  and  aft  sections  of  the  ship  and  for  typical  midship  sections.  An 
evaluation  of  the  assembly  sequence  determines  the  proper  assembly  process 
lanes  to  be  used.  Figure  5-20  is  an  example  of  a  Preliminary  Assembly 
Sped  f  i  cat  i  on  Plan. 

5.4  DETAIL  PROCEDURES 

The  purpose  of  specifying  detail  procedures  is  to  establish  efficient, 
uniform,  sequential  patterns  of  work  plans  for  field  personnel  to  follow. 

These  procedures  aid  in  job  preparation  by  stipulating  in  advance  the  necessary 
materials,  equipment,  jigs  and  components  that  will  be  needed.  These  guide¬ 
lines  assist  foremen  and  improve  the  working  environment  in  the  following  ways: 

1)  Establishes  a  pre-  deter  mined  standard  method  of  operation. 

2)  Prescribes  the  most  effective  sequence  of  activities. 

3)  Specifies  arrangement  and  uses  of  necessary  jigs  and  fixtures. 
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NOTE-  THESE  UNITS  TO  BE  ASSEMBLED  AS  CONDITIONS  PERMIT 
AT  THE  PRE-ERECTION  STAGE. 

PRF1  TMTNflpv  flSSFMBIV  SPECIFICATION  PLAN 
FIGURE  5-20 


4)  Issues  warning  notes  to  exercise  care  in  the  work  being  done  in 
order  to  avoid  a  future  problem. 

5)  Provides  consistency  between  foremen,  between  shifts,  between 
departments,  etc. 

6)  Designates  details  of  work  within  a  specific  area  and  its  relation¬ 
ship  to  other  supporting  work. 

7)  Gives  a  broad  overview  of  the  total  scope  of  work  for  better  under¬ 
standing  of  each  individual  segment. 

The  main  emphasis  on  development  of  process  standards  in  the  Technology 
Transfer  Program  was  placed  on  the  assembly  and  sub-assembly  areas.  The  detail 
assembly  procedures  are  specified  at  I  HI  by  the  staff  engineer  and  issued  to 
production  foremen.  They  are  intended  as  guidelines  for  assembly  of  units  of 
similar  construction.  However,  the  procedures  are  followed  strictly  as  issued 
except  for  individual  differences  in  the  structural  assembly  itself. 

I  HI  submitted  to  Livingston  assembly  procedures  and  guidelines  for  some 
typical  units  on  the  F  -  3  2  bulker.  An  example  of  a  typical  assembly  procedure 
for  an  innerbottom  unit  prepared  by  I  HI  is  presented  in  Figure  F ■  2 1 .  These 
assembly  procedures  and  guidelines  typically  include  the  following  elements: 

1)  Sketches  of  the  unit  as  it  is  progressively  constructed  from  2- 
dimensional  panels  to  3-dimensional  assembly  units. 

2)  Identification  of  pieces  shown  on  the  sketches. 

3)  Critical  dimensions  where  accuracy  is  critical, 

4)  Detailed  instructions  on  the  proper  assembly  method. 

5)  Sequence  of  assembly  in  numbered  steps. 

6)  Specifications  and  use  of  required  jigs,  tools,  and  measuring 

i nst  r  ument  s . 

7)  Notes  of  potential  problems  and  how  to  avoid  them. 
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4.  Fit  floors  and  girders  on  the  panel  in  sequence  1  to 
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Check  level  before  fitting 


5.  Weld  as  specified. 
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5.  Fit  and  weld  all  structural  on  the  bottom  panel. 


Keep  this  offset 


7.  Turn  the  tank  top  over  and  place  it  on  the  bottom  panel. 

8.  Fit  as  specified. 


After  checking  level,  square  up  panel  using  fixed  stops. 

9.  Weld  as  specified. 

FIGURE  5-21  (Cont.)  _ 
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8)  Identification  of  the  unit  by  name,  where  applicable,  and  of  ad¬ 
jacent  units  where  this  provides  clarification. 

Similar  procedures  were  provided  by  I  HI  for  outfitting  guidelines.  An 
example  of  these  procedures  is  provided  as  Figure  5-22.  The  primary  objective 
of  these  procedures  involving  outfitting  is  to  Maximize  the  pr  e- out  f  i  1 1  i  ng  at 
assembly  (rather  than  erection)  stages,  to  simplify  the  procedures,  to  specify 
the  sequence  providing  the  best  working  environment  and  most  accessible 
positions  for  the  job,  and  to  prevent  interferences  from  occurring  later.  The 
3-dimensional  sketches  are  excellent  aids  in  providing  a  conceptual  visual¬ 
ization  of  the  unit  as  it  will  look  when  outfitting  is  completed. 

5.  5  DETAIL  TIME  STANDARDS 

The  I  HI  engineer's  familiaritly  with  the  daily  operations  within  his  area 
permits  him  to  easily  set  detailed  time  standards.  Traditional  time  and  motion 
study  techniques  are  used  to  develop  standards  for  a  routine,  repetitive 
operation.  Figure  5-23  is  a  process  standard  written  by  I  HI  for  the  panel 
joining  process  as  observed  at  Livingston's  panel  line.  Each  element  is  listed 
in  sequential  order  with  the  number  of  workers  and  time  required  to  perform 
each  element.  The  format  of  this  time  study  illustrates  the  I  HI  engineers' 
portrayal  of  an  operation  with  visual  aids  such  as  the  "clock"  time,  the  sketch 
of  the  panel  and  the  slanting  time  frame. 

The  efficiency  for  this  operation  is  calculated  by  the  for  mu  la: 

EFFICIENCY  =  WELD  LENGTH  r  (NO  WORKERS)  X  (TOTAL  TIME  REQUIRED) 

5.6  LEVI  NGSTON  APPLI CATI ONS 

At  the  outset  of  the  Technology  Transfer  Program  (TTP)  Livingston  kept 
few  records  and  issued  no  formal  instructions,  procedures,  or  work  manuals  of 
the  types  maintained  at  I  HI ,  The  best  documented  methods  that  could  be 
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STACK  HOUSE 


(ON  SLAB) 

1 .  COMPLETE  STEEL  UNIT  ASSEMBLY 


INSTALL  FITTINGS  -  FIG.  6 

OUTFITTING  IS  DONE  ON  STACK  HOUSE  UNIT  WHICH  IS  BEING 
SITUATED  ON  SLAB  UP  SIDE  DOWN. 

FITTINGS 

.  VENTILATION  TRUNKS  AND  FANS 
.  BOILER  INCINERATOR  EXHAUST  PIPES 
.  MAIN  ENGINE  EXHAUST  GAS  BY-PASS  PIPES 
.  SUPPLY  AIR  TRUNKS  TO  MAIN  ENGINES 
.  ORDINARY  PIPES 
.  LOUVERS  &  DOORS 


NOTE:  THOUGH  MAIN  ENGINE 
EXHAUST  GAS  PIPES,  WITH 
EXPANSION  JOINTS  ON  THEM, 
ARE  SKETCHED,  THEY  SHOULD 
BE  INSTALLED  ON-BOARD. 


3. 

PAINT 

4. 

TURN  OVER 

5. 

ERECT 

TYPICAL  ASSEMBLY  PROCEDURES  -  OUTFITTING 
FIGURE  5-22 


5-35 


7:00  A.M. 


12:30  PH. 


SET  FLUX 


SET  PLATE 


SET  PLATE 


• - ►  CLEANING  BUTT  LINE  &  SET 

2  X  30  RUNOFF  TABS 


4-»  CUT  OFF  TABS 
2  x  10 


T 


AWL  •  BO  FT 

EFFICIENCY:  80  FT  —  (2  HEN  X  6  HR) 
•  6.7  FT/HR 


HOVE  PANEL  1  *  2 


CLEAN  FLUX  BED  &  SET  FLUX 


SET  PLATE  3 


IEGENO: 


CLEAN  BUTT  LINE  8  SET  RUNOFF  TABS 


NUMBER  ,  NUMBER 
WORKERS  *  MINUTES 


CUT  OFF  TABS 


MOVE  PANEL  18283 


CLEAN  COPPER  FLUX 


PANEL  .WINING  PROCESS  STANDARD 


FIGURE  5-23 


considered  process  standards  were  those  issued  by  the  Welding  Engineer.  Since 
inception  of  the  TTP,  the  following  improvements  have  been  implemented  or  are 
being  considered  at  Livingston  toward  development  of  Process  standards: 

1)  Designation  and  implementation  of  the  "process  lane"  concept,  termed 
the  "gate  system", 

2)  Issuance  of  formal  Assembly  Procedures  and  Guidelines  for  each  hull 

under  construction. 

3)  Work  manuals  will  be  prepared  for  issue  to  each  gate  or  group  of 

gates. 

4)  Information  for  handbooks  for  craftsmen  is  being  organized. 

A.  GATE  SYSTEM 

A  thorough  description  of  the  "gate  system"  and  the  status  of  implementa- 
tion  of  this  concept  at  Livingston  is  provided  in  the  TTP  Final  Report  on 
Planning  and  Production  Control.  In  this  report,  the  concept  of  the  gate 

system  was  described  as  the  assignment  of  an  area(s)  for  specific  types  of  work 
or  processes;  the  assignment  of  a  group  of  workers  together  with  a  foreman  to 
a  permanent  area  that  processes  the  same  type  of  work  regularly,  so  that  plan¬ 
ning  and  scheduling  becomes  standardized  and  routine.  In  the  context  of  this 
description,  the  following  changes  have  been  adopted: 

1)  Assignment  of  gate  numbers  and  descriptions  to  specified  locations 
within  the  facility  (Figure  5-24). 

2)  Assignment  of  Production  Supervision,  Production  Control  personnel 

(Area  Coordinators)  and  Material  Control  personnel  to  certain  "gates" 
of  responsibility  (Figure  5-25).  It  is  also  being  considered  to 
carry  this  step  to  the  Industrial  Engineering  group  through  assign¬ 
ment  of  Area  Engineers  to  gate  responsibility. 

3)  Division  of  the  planning,  scheduling,  and  manning  control  systems  to 

reflect  the  changes  made  to  implement  the  gate  system  concept  (Figure 
5-26)  . 
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AREA  COORDINATORS 


-  Jimmy  Ext.  427 

1  Fontenot 

Jean  Ext.  424 

2  Harris 

Charles  Ext.  416 
3A  DuChamp 

Murphy  Ext.  413 

3B  Burch 

Gate 

#  Foreman  (D) 

Gate 

#  Foreman  (D) 

Gate 

#  Foreman  (D) 

Gate 

#  Foreman  (D) 

1  David 

Byrd  (2) 

2  Carey 

Gruber  (2) 

10  John 

Fuqua  (5) 

12  John 

Fuqua  (5) 

13  Bill 

Granger  (5) 

J.  W. 

Smith  (6) 

14  Bill 

Granger  (5) 

J  W. 

Smith  (6) 

15  Bill 

Granger  (5) 

J.  w. 

Smith  (6) 

20  Bill 

Shields  (6) 

17  Bill 

Granger  (5) 

J.  W. 

Smith  (6) 

21  Jnke 

Thornton  (5) 

J.  W. 

Smith  (6) 

26  J.  D. 

McDonald  (4) 

John 

McWilliams  (6) 

27  Ojust 

Clements  (4) 
Jimmy 

Boyd  (6) 

31  Pete 

Holmes  (4) 
Darrell 

Laughiln  (4) 
Sparky 

Ballia  (4) 
i  Russell 

Frederick  (6) 
John 

Says  <6) 

22  W.  W. 

Arras  (4) 

Jlirniy 

Boyd  (6) 

23  W.  W. 

Arras  (4) 

Jimmy 

Boyd  (6) 

25  0.  J. 

Clements  (4) 

Jimmy 

Boyd  (6) 

30  Pete 

Gauthier  (4) 

John 

Doucet  (4) 

Bill 

Gearen  (6) 

18  G.  L. 

Crlbb  (5) 

C.  B. 

Duhoh  (G) 

19  G.  L. 

Crlbb  (5) 

T.  B. 

1  Guinn  (5) 

C.  B. 

Duhon  (6) 

24  W.  R. 

Brady  (4) 

J.  L‘  ru 

Landry  15) 

C.  B. 

Duhon  (6) 

II.  Levier  (6) 

28  W.  R.  Brady  (4) 

J.  t.  Landry  (5) 

H.  Levier  (6) 

29  0.  J. 

Broussard  (4) 

T.  B.  Guinn  (5) 

M.  Myers  (6) 

C.  B.  bilhon  (6) 

34  J.  L.  Landry  (5) 

11.  Levier  (6) 

FIGURE  5-25 


/  (XII  III  Inf  ] 
I  MI»*Imh!«  | 

_ _ I 


yJ 


Mr 

Imlio" 
i  pt*« 


UelyM  III! 


n«ii 

Halltr  ItMiiM 


(tan hour  troitrol 

tnr*»  |UI .  •  HI* 


IfMlI"-  ^’^,r  I 

*Ml*r  ItaMff 

IflriMi  I 

_ _ _  J  — I - 1 


i pj"”* 

u*lnM  }|  it  Wft*hl  II 


Mriy*l 


r-Cir^UL^ 


Haml*.  I 

IM»r|  J 

— — rrrrJ 


rnwH  |1  1 1  tUyl* 


lUn  || 

_ ;=r!l 


[L-Tg-Jj 


Provided  by  other  Oc|t»rti»et»l% 


Prep»r*id  by  Production  Ptiimlno 
I  Sclir  JjI  in? 


"s>  Prepared  by  Outfitter! 


isr.n.  PLANNING  &  SCHEDULING  FLOW 
FIGURE  5-26 


B.  ASSEMBLY  PROCEDURES  AND  GUI  DELI NES 

Formal  procedures  of  specified  assembly  plans  have  been  written  by  Indus¬ 
trial  Engineering  and  issued  to  the  production  Departments  .  These  procedures 
have  been  issued  for  each  hull  under  construction  since  the  first  bulker  (in¬ 
eluding  duplication  for  like  hulls).  The  procedures  specify  the  assembly 

methods  for  each  typical  unit  in  the  hull,  complete  with  sketches,  detailed 
instructions,  sequence  of  steps,  crucial  dimensions,  arrangements  of  the  unit 
with  jigs,  and  other  necessary  information.  An  example  of  a  typical  Assembly 
Procedure  and  Guideline  issued  for  the  construction  of  the  bulker  is  given  as 
Figure  5-27. 

This  procedure  has  been  welcomed  by  the  Production  Department  as  an 
effective  aid  to  promte  uniform  methods  and  procedures,  to  visualize  the 
assembly  process,  to  help  avoid  problems  in  assembly  and  accuracy  control,  and 
to  plan  their  work.  The  value  of  these  guidelines  has  resulted  in  extension 
of  this  technique  into  drilling  rig  construction  planning.  It  is  planned-to 
expand  the  issuance  of  these  procedures  beyond  assembly  stages  into  the  Fab¬ 
rication,  Sub-Assembly  and  Erection  stages  of  hull  construction,  as  well  as 

the  pre- outf i tt i ng  stage  in  outfitting. 

C.  WORK  MANUALS 

It  is  Livingston's  plan  to  issue  work  manuals  for  each  gate  or  set  of 
related  gates.  These  work  manuals  are  visualized  to  contain  such  information 
as  working  procedures,  gate  layout,  material  flow,  data  collection,  forms, 

statistical  reports  and  charts  generated,  quality  standards,  safety  pre¬ 
cautions,  manpower  assigmnents,  and  ,the  like. 

These  work  manuals  are  foreseen  to  be  a  product  of  Industrial  Engineering 
for  use  by  Production  Supervision.  The  concept  of  issuing  these  manuals  in 
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TVPTPftl  CONSTRUCTION  ASSEMBLY  SKETCH 


LSCo  ASSEMBLY  PROCEDURES  AMD  GUIDELINES  * 
FOR  UNIT  241 


1.  FIT  AND  MELD  FR.  10  PLATE 
(30TH  SIDES)  ON  FLAT  SLAB. 


2.  SET  NECESSARY  SUPPORTS  AT 
LEAST  10'  HIGH.  SET  FR.  10 
PLATE  OH  SUPPORTS. 


i.  SET  AND  FIT  STRUCTURALS,  FLAT 
AND  FRAMING  ON  FR.  10  PLATE. 

HELD  INTERNALS. 


4.  PUT  CASTIN6  ON. 


5.  PUT  SHELL  PLATE  ON  IN  SEQUENCE  OF 
A-B-C-D-E-F  AND  FINISH  KELDING. 

PUT  SHELL  PLATES  G-H-I-J  OH  AND 
FINISH  WELDING. 


FIGURE  5-27 


this  manner  can  be  attributed  to  IHI  suggestions  in  the  TTP;  however,  specific 
contents  of  such  a  manual  would  be  unique  to  each  shipyard. 

As  mentioned  earlier,  past  documentation  at  Livingston  has  been  predom¬ 
inately  in  the  welding  field.  Process  standards,  or  standard  procedures,  as 
issued  in  their  current  form  at  Livingston  contain  guidelines  for  welders  to 
follow.  The  specified  welding  parameters  such  as  speed,  amps,  volts,  etc  may 
be  varied  at  each  welder's  discretion  as  conditions  warrant,  This  allowance 
is  in  contrast  to  I  HI' s  insistence  that  their  welders  adhere  strictly  to 
specified  welding  parameters.  While  conceding  this  IHI  practice  is  preferable 
for  producing  consistently  good  quality  work,  it  is  not  in  Livingston's 
current  plans  to  provide  field  engineer  to  issue  such  precise  instructional 
material  at  this  time.  However,  this  is  a  distinct  possibility  for  the  future. 
Livingston  does  plan  to  continue  issuing  Welding  Procedure  Specifications 
which  are  based  on  the  Procedure  Qualification  Record  approved  by  ABS.  These 
instructions  specify  the  type  material,  position,  electrodes,,  etc.  qualified 
for  a  specific  procedure  as  discussed  in  tie  welding  Methods  section  of  the 
TTP  Final  Report  on  Facilities  and  Industrial  Engineering, 

D.  CRAFT  HANDBOOKS 

Another  desirable  form  of  standards  document  is  a  handbook  for  each 
craft.  IHI  issues  handbooks  to  each  worker  specifying  guidelines  to  follow 
in  the  performance  of  his  work.  These  handbooks  contain  both  general  and 
specific  guidelines  concerning  such  subjects  as  work  tools,  job  procedures, 
safety  precautions,  quality  standards,  etc. 

The  writing  and  issuing  of  these  types  of  handbooks  are  not  foreseen  in 
the  near  future  for  Livingston  but  are  prospective  goals.  Information  for 
welders'  use  is  currently  being  generated  that  would  be  included  in  this  type 
of  handbook. 
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5.7  CONCLUSION 


The  concept  of  process  standards  is  not  new  to  U.S.  industry  nor  unique 
to  Japanese  industry.  The  amount  of  application  of  standardization  of  processes, 
however,  and  particularly  the  documentation  of  these  standards  is  much  more 
prevalent  at  I  HI  than  it  has  been  at  Livingston. 

I  HI' s  approach  to  process  standards  emphasizes  group  technology  and 
organized,  thorough  documentation,  The  concept  of  group  technology  affects 
process  standards  through  the  efforts  to  tie  the  standardization  of  products 
(units  in  a  ship,  palletization,  etc.  )  to  the  standardization  of  processes  and 
facilities  (gate  system  concept,  pre-outfitting,  etc). 

The  concepts  discussed  in  this  section  are  certainly  applicable  to  any 
shipyard.  As  discussed  in  the  Planning  and  Production  Control  Final  Report, 
however,  maximum  benefits  can  only  be  achieved  through  adoption  of  the  total 
system.  An  effective  process  standards  program  requires  integration  of 
materials,  facilities,  and  manpower  with  standardized  operations  and  procedures. 
To  adopt  the  I  HI  system  piecemeal  would  consequently  reduce  its  total  effective¬ 
ness  in  improving  productivity. 

The  main  points  stressed  by  IHI  and  hereby  confirmed  as  necessary  ingre¬ 
dients  in  an  effective  process  standards  system  are: 

1)  Implementation  of  a  unitization  concept  whereby  a  whole  can  be  divid¬ 
ed  into  c omponent  parts. 

2)  Development  of  uniform,  standardized  methods  for  simplification  and 
repetition  purposes. 

3)  Thorough  documentation  of  processes  and  procedures. 

4)  Good  corrrnuni cati on  practices. 

5)  Implementation  of  effective  feedback  systems. 
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SECTI ON  6 


COST  STANDARDS 


6,  1  I  NT RODUCT I  ON 

One  of  the  most  impressive  aspects  of  the  I  HI  production  system  is 
the  remarkable  adherence  to  schedule,  This  phenomenon  was  immediately 
visible  to  the  Livingston  team  members  visiting  the  I  HI  shipyards,  and  an 
observation  on  which  they  all  commented.  The  development  of  such  precise 
scheduling  techniques  comes  as  no  accident  or  coincidence,  It  is  the 
result  of  carefully  planned,  thoroughly  documented  information  systems 
which  are  devised  to  develop  standard  data,  The  process  standards  dis¬ 
cussed  in  the  foregoing  section  specify  the  proper  methods  to  be  followed 
which  result  in  procedural  standardization.  The  subsequent  step  is  the 
measurement  of  performance  resulting  f rom  appl  i  cati  on  of  these  process 
standards,  amounting  to  standardized  units  of  time  per  product,  or  numbers 
of  product  per  time  element,  which  are  the  basis  for  cost  standards, 

I  HI' s  analysis  of  the  Livingston  system  of  planning  and  scheduling 
led  them  to  the  following  observations: 

lj  Schedules  based  on  tonnage  as  the  only  parameter  are  inaccurate; 
there  is  usually  no  direct  relationship  between  weight  of  work 
and  manhours  required  to  perform  the  work. 

2)  The  system  did  not  lend  itself  to  easy  or  accurate  determination 
of  the  actual  status  of  work  in  progress. 

3)  Frequent  changes  in  priority  unfavorably  influence  the  relation¬ 
ship  between  planning  and  field  personnel. 

4)  Poor  communication  and  lack  of  confidence  existed  between  planning 
and  field  personnel . 

5)  Lack  of  communication  existed  between  fitting  and  welding  depart¬ 
ments. 


6)  Information  supplied  to  the  field  on  construction  plans  was 
i  nadequate. 

The  system  proposed  by  IHI  to  Livingston  for  improved  planning  and 
scheduling  results  was  discussed  in  the  Process  Standards  section.  The 
types  of  records  to  be  used  to  establish  this  system  were  illustrated  in 
that  section.  In  conjunction  with  establishment  of  standardized  work 
procedures,  or  process  standards,  a  measurement  system  of  the  rate  of 
production  results  in  performance  standards.  These  standards  form  the 
basis  of  cost  standards,  which  are  defined  in  this  report  as: 

A  cost  standard  is  a  measured  rate  of  production  for  a  given  process 
to  be  used  in  planning,  scheduling  and  estimating  activities  and  in  calcu¬ 
lating  the  cost  of  the  process. 

Examples  of  cost  standards  in  the  shipbuilding  process  include: 
manhours  per  ton,  inches  per  minute  (cutting),  feet  per  hour  (welding), 
etc.  These  figures  would  have  to  be  extended  by  an  individual  shipyard 
to  its  own  calculated  costs  for  each  process.  The'  distinction  between 
cost  standards  and  process  standards,  and  the  resulting  overlap  of  terms, 
was  also  explained  in  the  Process  Standards  section  of  this  report,  In 
this  explanation,  it  was  noted  that  IHI  documents  and  charts  often  use 
the  term  "process  standard"  in  a  manner  that  would  comprise  both  "process 
standards"  and  "cost  standards"  as  described  in  this  report. 

6.  2  DOCUMENTS 

There  are  a  number  of  status  reports  reconnnended  by  IHI  for  use  in 
the  development  and  application  of  cost  standards.  Explanation  of  the 
use  of  these  forms  follows  later  in  this  section  of  this  report.  A 
brief  description  of  the  forms  is  provided  here  as  preface  to  those 
explanations: 
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1)  Manhour  Collection  Sheets 

a)  Daily  record  of  manhours  spent  on  each  unit,  by  worker 

name,  (See  Figure  6-1) 

b)  Monthly  record,  composed  of  summation  of  data  on  daily 

records.  (See  Figure  6-2) 

2)  Efficiency  Records  on  productivity,  e.g.,  meters/hour  ratio 
on  welding,  (See  Figure  6-3) 

3)  Bl ackboards- - Di spl ays  posted  in  designated  areas  specifying 
schedules,  productivity,  quality  of  work,  etc.  (See  Figure 

M  ) 

6.3  DEVELOPMENT  OF  COST  STANDARDS 

The  purpose  for  developing  process  standards  and  cost  standards  from 
the  I  HI  viewpoint  is  for  use  in  the  following  applications: 

1)  Base  data  for  estimating  manhour  requirements 

2)  Base  data  for  estimating  periods  of  completion  for  jobs 

3)  Base  data  used  toward  determining  needed  improvements  in 
equip  me  nt  and  facilities 

4)  Base  data  used  in  status  reporting  and  applied  toward 

imp  roving  productivity 

5)  Educational  material  and  training  aids  for  field  personnel 

The  data  used  to  calculate  cost  standards  are  derived  from  the  previously 
developed  process  standards,  The  approach  recmnded  by  IHI  for  the  deter¬ 

mination  of  process  standards  first  involves  classification  of  the  elements 
to  study.  The  basic  elements  regarding  hull  construction  are  listed  in 
Table  T 6 - 1 .  For  each  of  these  elements,  such  as  marking,  cutting,  bending, 
etc,,  the  factors  which  chiefly  influence  the  process  standards  are  speci¬ 
fied.  This  includes  such  items  as  the  method  employed,  equipment  used, 
environmental  conditions  (inside  ships,  outside,  cramped  quarters,  position¬ 
ing  of  worker  and  workpiece,  etc.)  and  similar  influencing  factors. 
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FIGURE  6-1 
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FIGURE  6-2  MONTHLY  REOCRD  OF  MANHOURS  (SAMPLE) 
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FIGURE  6-4  DESCRIPTION  OF  BLACKBOARD  (SAMPLE) 


TABLE  T6-1 


PROCESS  STANDARD  ELEMENTS 


FITMENTS 

explanation/examples 

INFLUENCING  FACTORS 

A.  Material  Handling 

Raw  materials ,  pieces ,  sub-assemblies , 
assembled  units,  etc. 

1.  Method  of  trans¬ 
portation 

2.  Equipment  options 

3.  Frequency 

4.  Distance 

B.  Marking 

N/C,  Flame  Planer,  Manual  at 
Fabrication,  Assembly,  Erection 

1.  Method 

2.  Environment 

3.  Marking  length 

C.  Cutting 

N/C,  Flame  Planer,  Manual  at 
Fabrication,  Assembly,  Erection 

1.  Method 

2.  Instrument 

3 .  Environment 

4.  Plate  thickness 

5.  Cutting  length 

6.  Type  of  bevel 

D.  Bending 

/ 

Plate,  Structural,  Bracket, 

Face  Plate,  etc. 

1.  Method 

2.  Thickness 

3.  Amount  of  Curvature 

E.  Fitting 

At  Fabrication,  Assembly,  Erection 

1.  Method 

2.  Environment 

3 .  Fitting  length 

4.  Gan 

F.  Welding 

At  Fabrication,  Assembly,  Erection 

1.  Method 

2.  Environment 

3.  Leg  length 

4.  Material  quality 

5 .  Welding  length 

G.  Finishing 

At  Fabrication,  Assembly,  Erection 

1.  Method 

2.  Environment 

3.  No.  of  temp,  pieces 

4.  Material  quality 

H.  Painting 

At  Fabrication,  Assembly,  Erection 

1.  Method 

2.  Environment 

3 .  Area  Painted 

4.  Tvpe  of  Coating 
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By  studying  and  analyzing  these  basic  elements  of  the  shipbuilding 
cycle,  a  shipyard  can  determine  the  control  parameters  it  may  best  utilize 
for  each  element,  This  can  be  determined  by  the  data  collected  at  the 
facility,  the  measurement  technique  it  can  best  employ  with  the  resources 
it  has  available,  and  the  accuracy  and  applicability  of  the  data  measured, 
Table  T  6  -  2  specifies  the  measuremnent  parameters  used  at  I  HI  for  each  working 
stage.  Also  included  in  this  table  are  the  efficiency  factors  achieved  at 
I  HI  and  the  parameters  recommended  for  application  at  Levingston.  These 
parameters  are  used  to  measure  the  performance  factors  that  become  the 
establ  i  shed  cost  standards. 

I  HI  applies  welding  length  extensively  as  a  parameter  for  process 
standards.  Livingston  has  historically  maintained  records  in  the  form  of 
weight  (tonnage)  processed,  and  has  applied  ratios  of  manhours  of  tonnage. 

IHI  believes  welding  length  has  a  more  significant  relationship  to  the 
amount  of  work  required  both  in  fitting  and  welding  than  does  tonnage. 
According  to  IHI,  this  reliance  on  tonnage  figures  for  manpower  planning 
at  Livingston  is  the  greatest  contributor  to  the  disparity  between 
projected  and  actual  manhour  figures  in  detail  planning.  In  the  case  of 
long-term  scheduling  or  rough  manhour  estimating,  tonnage  figures  are 
considered  acceptable  p  a  r  a  me  t  e  r  s . 

IHI  acknowledges  that  figures  on  tonnage  are  easier  to  obtain  and 
generally  more  accessible  information.  Therefore,  two  methods  of  obtain¬ 
ing  welding  lengths  are  described: 

1)  Use  of  conversion  ratios  from  weight  to  welding  length, 

according  to  location  of  a  unit  within  the  ship. 

2)  Detailed  measurement  of  actual  welding  lengths. 
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TABLE  T6-2 


CONTROL  PARAMETERS 


WORKING _ 

FPK _ 


FLAME  PLANER  _ __ 


CURVATURE  CUTTING 


N/C  CUHING  _ 


CKH  rrriN  MEMBER  CUTTIN6 


ANGLE  CUTTING _ _ 


DECK  HOUSE  CUTTING 


SU5  TOTAL 


PARAMETER  EFFICIENCY  PARAMETER 

_ (I  HI  I  flHI)  (LSCOJ 

I  NUMBER  of  plate!  0.5  H/PL  NUMBER 


4. 68  H/PU 


6.22  H/Pll 

_ _ « 


1.43  HA  TONNAGE 


ITONNAGE 


PLATE  BENDING 


SMALL  PIECE  BENDING 


FITTING  _ 


WELDING  _ 


MATERIAL  SORTING 


man mb« 


MATERIAL  HANDLING 
SHOTBLASTING _ 


CRANE _ _ 


T.TYPE  LONGL. 


PLATE  JOINING _ 


FITTING  _ 


WELDING  _ _ 


FINISHING 


JER1AL  HANDLIN6 


FITTING _ 

WELDING  ____ 


FINISHING  _ 


SCAFFOLDING 


CRANE 


TRANSPORTATION 


I  W.L. 

6.2  M/H 

5.4  M/H 

TONNAGE 

0.5  HA 

I  TONNAGE 


1  TONNAGE _ | 

Inumber  of  plate! 


0.23  HA  I  TONNAGE 
0.48  T/Pl!  NUMBER 


(NUMBER  of  piece!  12.5  H/P  NUMBER 


W.L. 


W.L. 


TONNAGE 


W.L. 

W.L. 


TONNAGE 


7.68  M/H 


3.46  M/H 


20.09  M/H 


|  0.65  HA  I  TONNAGE 


2.77  M/H  W.L. 
I  0.91  M/H 

11.50  M/H  I  W.L. 


W.L. 

W.L. 


TONNAGE 


The  former  method  can  only  be  applied,  however,  where  historical 
records  of  unit  make-up  and  manhour  records  for  previously  built  ships 
can  be  captured.  The  basic  philosophy  of  this  method  is  to  apply 
previous  data  to  present  conditions  where  similarities  exist.  The  value 
of  standards  (product,  material,  process  and  performance  standards)  to 
future  planning  needs  becomes  apparent  in  the  application  of  this  method 
for  obtaining  necessary  information  in  an  efficient  manner.  The  latter 
method  is  time-consuming,  but  is  quite  accurate  for  obtaining  this  vital 
information.  Each  of  these  methods  is  described  in  detail  later  in  this 
section. 

6.  4  CONTROL  PARAMETERS 

Table  T6-2  reveals  that  IHI  uses  the  following  units  of  measurement  as 
control  parameters  in  their  establish  me  n  t  standards: 

Number  of  plates 
Number  of  pieces 
Tonnage 

We  I  d  i  n  g  Length  (  W.  L . ) 

Automatic  Welding  Length  (A.W.  L,  ) 

IHI  seeks  to  use  a  parameter  that  relates  to  the  time  involved  for 
processing  of  material  as  the  primary  consideration.  Their  objective  is 
to  use  the  simplest  method  of  measurement  without  sacrificing  accuracy  or 
reliability  of  the  data  that  is  generated. 

In  fabricating  ships,  the  number  of  pieces  processed  (e.g.,  plates, 
angles,  small  pieces,  etc.)  is  most  commonly  accounted  for  and  related 
to  hours  required.  Welding  length  is  used  on  sub-assembly  fitting  and 
welding,  while  aggregate  tonnage  suffices  when  measuring  material  handling 


6-11 


and  sorting  functions.  At  the  assembly  and  erection  stages,  welding  length 
is  the  p  r  e  d  o  mi  n  a  n  t  unit  of  me  a  s  u  r  e  me  n  t . 

6.  5  MEASUREMENT  OF  WELDING  LENGTH 

As  mentioned  earlier,  there  are  two  distinct  methods  utilized  at  I  HI 
for  the  measurement  of  welding  length.  This  length  is  determined  by  using 
either: 

1)  Conversion  from  unit  wei  ght 

2)  Me  as  ur  ement  on  dr  awi  ngs 

The  former  method  is  a  rough  estimate  based  on  weight  and  location  of 
the  piece.  It  is  not  sufficiently  accurate  to  use  in  detail  planning  and 
scheduling  of  work  within  gates  as  performed  by  the  Planning  Department. 

The  calculations  in  this  method  are  made  by  the  Engineering  Department. 

The  latter  method  is  more  exact  and  useful  in  detail  planning  and 
control.  It  requires  measurements  from  key  plan  drawings  and  requires 
a  considerably  greater  investment  in  time.  IH1  estimates  Livingston 
would  expend  approximately  100  to  120  hours  to  take  the  measurements 
on  a  vessel  the  size  of  the  F- 32. 

Each  of  these  proposed  methods  of  determining  welding  length  is 
described  below. 

6.5.1  Conversion  from  Unit  Weight 

In  this  method,  welding  length  is  calculated  from  unit  weights  using 
the  f  ol  I  owi  ng  f  or  mu  I  a: 

WELDING  LENGTH  =  WL  (meters)  =  coefficient  x  Wt  (tons) 

This  formula  calculates  total  welding  length  without  a  distinction 
between  one-sided  (labelled  as  automatic)  and  two-sided  welding.  The 
coefficient  values  applied  to  the  bulker  are  given  in  Figure  6-5. 


COEFFICIENT: 


ZONE  I  ZONE  2,3 


DC  (Double  bottom  center)  16.0 
DS  (Double  bottom  side)  15.0 
SL  (Side  lower  tank)  .  12.5 
SU  (Side  upper  tank)  13.0 
UC  (Upper  Dk  center)  16.5 
T  (Trans.  Bhd.)  *13.5 
H  (Hopper)  25.5 
SF  (Stern  frame)  - 
S.6.F.  (Steering  gear  flat)  - 
Bol.Bow 


or  9.5* 
or  20.5 


13.5 
1 3.5 
13.5 
14.0 
2fr-S 


12.0 

15.0 

17.5 


Va^WVuA/  Vvop  {*<• 


BULKER  DIFFICULTY  COEFFICIENTS 
FIGURE  6-5 


The  coefficients  given  in  this  chart  apply  only  to  the  specific 
type  of  vessel  illustrated.  Another  type,  such  as  a  tanker,  container 
ship,  or  drilling  rig  would  require  the  determination  of  coefficients  for 
that  particular  vessel.  However,  where  similarities  exist  between  tk 
different  types,  the  coefficient  is  transferable.  As  mentioned  earlier, 
the  determination  of  these  coefficients  is  made  from  an  examination  of 
the  historical  records  from  previously  built  ships  of  the  same  type. 

6.5.2  Measurement  f  rom  Drawi  nqs 

Where  previous  data  are  not  available,  or  where  very  accurate  figures 
are  needed,  welding  lengths  are  taken  f  r  om  dr  awl  ngs .  Briefly  stated, 
typical  measurements  are  made  on  key  plans  and  extended  from  the  scale  of 
the  drawing  up  to  full  scale.  These  measurements  are  applied  across  a 
ship  section  to  obtain  welding  length  for  the  total  section.  The  reference 
drawings  used  in  this  method  include: 

Ml  dshl  p  Section 
Shell  Expansion 
Body  PI  an 
Construction  Plan 
Construction  Profile 

The  details  of  this  method  as  it  applies  to  the  different  sections 
of  the  ship  are  summarized  below.  In  the  determination  of  welding  length 
for  fillet  welding  or  two-sided  butt  welding,  the  actual  length  measured 
on  a  drawing  is  doubled  to  obtain  the  total  welding  length. 

FORE  AND  AFT  SHELL 

a.  Longitudinal:  Measure  the  average  length  of  a 

I  ongi  i  t  udl  nal ,  multiply  it  by  the- number  of  longitudinals. 

b.  Web  Fra  me  s :  Same  as  for  longitudinal. 
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W,  L .  =  a  +  b  +  s 

Where  S  =  35  to  45  meters 

S  is  a  safety  allowance  added  in  this  case  due  to  the 
size  of  brackets  on  the  web  frames. 

FORE  AND  AFT  CUBIC  UNIT 

a.  Flat  panel  to  floors,  girders  and  longitudinal: 
Measure  each  line  on  the  construction  plan. 

b.  Shell  to  floor  or  longitudinal:  Measure  each 
line  on  the  construction  profile. 

c.  Floor  to  girders:  Measure  a  typical  height  at 
each  girder,  multiply  by  number  of  floors  at  each 
girder. 

d.  Component  to  component:  Measure  the  typical  joint 
at  a  frame  and  longitudinal  location,  multiply  it 
by  the  number  of  joints. 

W,  L .  =  a+  b  +  c+  d  +  s 

Where  S  =  40  meters 

ENGINE  ROOM 


a.  Measure  each  line  on  the  engine  flat  plan. 

W,  L.  =  a  +  S 

Where  S  =  20  to  25  meters  (the  average  a  mount  of  vertical 
we  I  di  ng  length) 

Includes  the  cooler  flat,  lower  engine  flat,  upper  engine 
flat,  and  upper  deck  panel  s. 

ENGI NE  ROOM  DOUBLE  BOTTOM 


a.  Tank  top  to  floors  or  to  girders:  Measure  each  line  on 
the  tank  top  plan. 

b.  Floors  to  girders:  Measure  a  typical  heightat  each 
girder,  multiply  by  the  number  of  floors  at  each  girder, 

c.  Bottom  to  floors:  Measure  one  of  the  floors,  multiply 
by  the  number  of  floors. 
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d.  Bottom  to  girders:  Measure  each  line  on  the 
shel  I  expansi  on  pi  an. 

W,  L.  =  a  +  b  +  c+  d  +  S 

S  =  5  to  10  meters 

HOLD  PART 


a,  Panels  (tank  top,  bottom  shell,  side  shell,  upper 
deck,  slope)  to  floors:  Measure  a  typical  ring  of 
the  mi  d  s  h  i  p  section. 

b,  Panels  to  girder  and  longitudinal:  Measure  length 
of  the  unit. 

c,  Floor  to  girder:  Measure  the  height  between  the 
tank  top  and  bottom  shell,  multiply  by  twice  the 
n u mb e r  of  " T "  cross  points. 

W.L.  =  a  x  Number  Floors  +  b  x  Number  Girders  and 
Longitudinal  +  c 

6.  6  ESTI  MATI  NG  MANHOURS 

6.6.1  Hul  I  Const  r  uct  i  on 

IHI  uses  combinations  of  techniques  to  estimate  manhour  requi  rements 
for  an  activity.  The  most  common  technique  is  use  of  historical  dat  a 
together  with  staff  personnel  experience  to  estimate  manhours.  On  occasion, 
time  study  is  used  where  historical  data  is  not  available,  such  as  for  a 
new  process. 

The  forms  described  previously  in  the  "Documents"  portion  of  this 
section  are  used  to  collect  data  for  this  purpose.  Manhour  records  maintained 
on  timekeeping  cards  are  compiled  in  the  computer.  From  this  data,  manhour 
charges  are  collected  and  compiled  by  cost  center.  This  data  can  then  be 
retrieved  to  ascertain  the  manhours  required  on  units  previously  built  or 
similar  ship  types.  Likewise,  data  collected  and  recorded  on  monthly 
records  relate  manhours  used  and  spent  on  units  containing  the  welding 
lengths  that  are  specified. 


1,  Coefficients  ■  Rough  Estimates 


For  planning  purposes,  I  HI  uses  records  of  actual  manhours 
to  calculate  difficulty  factors,  or  "coefficients",  that  are 
used  to  estimate  future  manhour  require  me  nts=  These  coefficients 
are  used  to  convert  unit  weights  to  welding  lengths,  which  is 
extended  by  formula  to  determine  manhours.  The  correlation 
between  actual  manhours,  coefficient  factors,  unit  weights,  weld¬ 
ing  lengths  and  planning  manhours  is  illustrated  schematically  in 
Figure  6-6. 

IHI  is  very  methodical,  meticulous  andpreci  se  in  its  data 
collection  procedures.  The  Assistant  Foreman  (front-line  super¬ 
visor)  is  aware  of  the  future  applications  of  the  time  charges 
of  his  workers  and  its  importance  and  usefulness  in  the  planning 
process.  He  is,  therefore,  careful  to  charge  his  workers'  time 
accurately.  The  staff  personnel  work  closely  with  the  Assistant 
Fore  me  n  to  organize  data  collection  in  meaningful  ter  ms  and 
utilize  the  data  in  the  development  of  process  standards  and 
determination  of  ship  schedules.  The  Assistant  Foreman  sees  the 
result  of  good  timekeeping  when  he  receives  realistic  and  achievable 
schedul es. 

As  mentioned  earlier,  IHI  relies  heavily  on  welding  length  as  a 
control  parameter  used  in  developing  process  standards  for  hull 
construction.  The  two  detailed  method:  of  converting  welding 
length  to  manhour  estimations  through  the  use  of  coefficients  are 
each  based  on  the  accuracy  desired.  The  procedures  described 
below  relate  to  determination  of  manhours  in  the  assembly  procedures, 
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ESTIMATION  OF  MANHOURS  AT  ASSEMBLY  STAGE 
_ FIGURE  6-6 _ 


including  panel  line,  component  assembly  and  final  assembly  because 
of  emphasis  placed  in  this  area  in  the  study  of  schedules. 

To  estimate  manhours  in  broad  terms,  the  following  formula  is 
applied: 

H  (manhours)  =  W.L.  (weld  length,  meters)  +  coefficient  (meters/hr) 
The  coefficient  applied  in  this  formula  was  determined  by  IHI 
engineers  utilizing  their  technical  experience  and  their  thorough 
knowledge  of  the  fitting  and  welding  process.  The  coefficient 
applied  to  a  given  type  of  ship  would  vary  at  individual  shipyards, 
but  the  basic  tendency  to  stabilize  to  a  reliable  rate  is  prevalent 
inmost  cases.  The  use  of  these  figures  again  emphasizes  the 
importance  of  accurate  reporting  of  time  charges. 

The  coefficients  calculated  by  IHI  for  application  by  Livingston 
to  the  F ■  3 2  bulker  are  provided  in  pictorial  form  on  Figure  6-7. 

These  coefficients  were  determined  by  IHI  using  similar  data  which 

applies  to  their  shipyard,  and  estimating  Livingston  efficiency  on 
a  ratio  comparison  to  IHI  efficiency  (roughly  1:3),  This  ratio  is 
based  on  I  HI' s  observations  of  Livingston  operations  in  construction 
of  the  F-  32  type  bul k  carri er. 

The  chart  visually  displays  the  efficiency  coefficient  for 
fitting  and  welding  based  on  location  of  the  assembly  unit  with¬ 
in  the  ship.  For  example,  in. .the  center  double  bottom  where 
assembly  work  is  comparatively  easy,  the  coefficients  given  are: 
Fitting  =  3.1  m/  h  (  me  t  e  r  s  /  h  o  u  r ) 

We  I  d  i  n  g  =  2 . 7  m/  h  (  me  t  e  r  s  /  h  o  u  r ) 
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FIGURE  6-7  COEFFICIENT  FOR  EACH  UNIT 
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In  the  bulbous  bow  area,  the  coefficients  reflect  the  difficulty 
of  the  work  by  the  following  figures: 

Fitting  =  0 .  5  m/  h  (  meters  /  hour) 

We  I  d  i  n  g  =  0 .  6  m/  h  (  me  t  e  r  s  /  h  o  u  r ) 

I  HI  staff  personnel  recognize  the  variability  of  manhour  require¬ 
ments,  depending  on  the  existence  or  absence  of  various  conditions. 
These  are  categorized  into  two  groups: 

a)  Those  dependent  on  the  structure  itself,  such  as: 

Classification  of  steel:  mild  steel  vs.  high  strength 
steel 

Type  of  floor:  watertight  vs.  non- wat  ert  i  ght  bulkhead 
Shape  of  structure,  e . g . ,  flat,  curved,  cubic  (three- 
dimensional  odd-shaped  units),  width,  length,  etc. 

Number  of  small  pieces  involved 
Di  ff  i  cul  ty  to  achi  eve  accuracy 

b)  Factors  independent  of  the  structure  itself,  such  as: 

We  a  t  h  e  r 

Conditions  for  material  preparation 

Accuracy  achieved  in  fabrication,  fitting,  assembly,  etc. 

Manpower  leveling 

Equip  me  nt  availability 

Condition  of  slab 

Production  procedures 

Di  st  r  i  but  i  on  of  manpower 

The  conditions  in  the  former  list  are  measurable  and  are  subject 
to  scientific  evaluation.  The  latter  list  contains  conditions  which 
vary  at  different  shipyards,  depending  upon  unpredictable  factors 
from  a  general  viewpoint  and  must  be  determined  independently.  There¬ 
fore,  the  conditions  relating  to  variability  of  the  structure  itself 
are  addressed  in  this  secti on, 

The  coefficients  may  be  influenced  by  the  factors  related  to 
the  structures.  In  order  to  take  these  factors  into  account,  the 
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f ol  I  owi  ng  al  I  owances  are  appl  i  ed: 

a)  Material  is  mild  steel  (MS)  or  high  tensile  strength  (HT): 

Welding:  Coefficient  (HT)  =  0,90  to  0,95  x  Coefficient  (MS) 

b)  Unit  contains  watertight  (T)  or  Non- wat ert  i  ght  (NT)  floors: 

Melding;  Coefficient  (T)  =  0.85  to  0 . 9  0  x  Coefficient  (NT) 

Fitting:  Coefficient  (T)  =  0,90  to  0,95  x  Coefficient  (NT) 

c)  Unit  is  curved  (C),  cubic  (C)  or  Flat  (F): 

Welding:  Coefficient  (C)  =  0,7  to  0,8  x  Coefficient  (F) 

Fitting:  Coefficient  (C)  =  0.6  to  0 . 7 x  Coefficient  (F) 

2.  Coefficients  ■  Detail  Estimates 

The  estimating  of  manhours  must  also  be  performed  in  more  detailed 
fashion.  Where  this  is  required,  I  HI  engineers  applied  the  same 
principles  involved  in  the  creation  of  coefficients  on  the  charts  of 
Figure  6-5  and  Figure  6-7  to  develop  a  Table  of  Manhours  and  Efficiency 
for  each  assembly  unit  on  the  bulker.  This  data  is  presented  in 
Table  T  6  -  3 ,  a  sample  showing  representative  units  within  the  double 
bottom  area. 

The  conversion  ratio  figures  for  each  complete  unit  (15.0  and 
16.0  on  Table  T6-3)  correspond  to  the  figures  given  on  Figure  6-5. 
However,  these  conversion  ratios  are  further  subdivided  in  the  table 
to  show  values  for  the  top  and  bottom  panels  that  made  up  each  unit. 
These  ratios  are  used  to  convert  actual  weight  of  a  unit  to  an 
estimated  welding  length,  Likewise,  the  efficiency  coefficients 
listed  in  the  table  are  sub-divisions  of  the  coefficients  specified 
in  Figure  6-7,  For  example,  Unit  101  lists  coefficients  for  fitting 
as  3.8  manhours  and  2.5  manhours  for  top  and  bottom  panels,  respec¬ 
tively,  which  is  given  as  3.1  manhours  (average)  on  Figure  6-7. 

Note  also  that  the  units  are  specified  M.T.  (watertight)  or  not  on 
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Table  T6-3,  which  affects  the  determination  of  the  coefficient 

applied,  as  explained  earlier. 

The  manhours  are  determined  by  applying  the  formula: 
Manhours  (H)  «  Welding  Length  (M)  *  Efficiency  (M/H) 
Efficiency  in  terms  of  manhours  per  ton  is  computed  from 
these  data  by  the  following  formula: 

Efficiency  (H/T)  -  Manhours  (H)  e  Weight  (T) 


.6.2  Outfitting 

Process  standards  for  outfitting  are  determined  at  IHI  through  the 
se  of  actual  historical  records  in  combination  with  the  pre-outfitting 
oncept  (review  TTP  final  reports:  Planning  and  Production  Control; 
acilities  and  Industrial  Engineering).  The  relationship  of  process  stan- 
lards  to  the  manhour  control  system  as  recorded  by  IHI  to  Levingston  is 

shown  on  Figure  6-8. 

The  on-module  pre-outfitting  assembly  method  practiced  by  IHI.  with 
its  standardized  work  procedures,  lends  itself  readily  to  formulation  of 
reliable  cost  standards.  The  manhours  expended  on  a  module  assembly  are 
captured  and  applied  as  standards  and  efficiency  targets  for  installation 
of  similar  modules  on  subsequent  ships.  The  data  is  continually  updated 
and  refined  over  periods  of  years,  which  results  in  increasingly  accurate 
data  for  application  as  budgets  and  goals.  The  system  of  manhour  goal 
calculations  in  the  planning  process  is  illustrated  in  Figure  6-9.  An 
explanation  of  the  details  of  the  procedures  shown  on  this  chart  is  provided 

in  the  following  paragraphs. 

1.  Calculation  of  Weights 

IHI  recommends  that  materials  collected  for  installation  on 
a  module  assembly  be  recorded  on  an  MLF  form  (Material  List  for 
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Fitting).  This  form  contains  provision  for  listing  the  ma  t  e  r  i  a  I  and 
recording  its  quantity  and  weight.  Figure  6-10  is  a  form  for  the 
MLF  proposed  by  I  HI  for  Livingston.  I  HI  makes  a  significant 
distinction  between  materials  whose  weights  havea  linear  relation¬ 
ship  with  manhours  from  those  that  do  not.  The  material  is  classified 
as  being  of  parametric  or  non- par  amet  r  i  c  weight,  according. to  the 
f ol  I  owi  ng  def i  ni  ti  ons: 

Parametri  c  Wei  qht  ■  The  weight  of  material  considered 
to  havea  linear  r  el  at  i  ons  hi  p  with  manhours  required  for 
its  installation.  Examples:  pipe,  valves,  walkways,  etc. 

Non- parametri  c  Weight  ■  The  weight  of  material  that  does 
not  have  this  linear  relationship  with  manhours.  Exmples: 
mai  n  engi  nes,  anchors,  etc. 

I H I  r  e  c  o  mme  n  d  s  the  d  e  t  e  r  mi  n  a  t  i  o  n  of  ma  t  e  r  i  a  I  s  that  can  be  classi¬ 
fied  as  parametric,  and  the  summation  of  these  weights  for  a  ship  in 
the  p  r  e  I  i  mi  n  a  r  y  planning  steps  at  the  design  stage.  These  ma  t  e  r  i  a  I  s 
should  be  assigned  separate  pallet  numbers  during  the  development 
of  t heMLF  list. 

6.6.3  Devel opi ng  Standard  T i  me s 

It  is  apparent  that  the  key  to  development  of  reliable  process 
standards  and  cost  standards  for  outfitting  functions  is  dependent  upon 
standardized,  uni  f or m  wor ki  ng  procedures  and  accurate  manhour  reporting, 
as  was  mentioned  in  the  case  of  steel  construction.  This  is  accomplished 
by  maintaining  charts  and  graphs  of  actual  productivity,  by  providing 
feedback  on  the  accuracy  of  the  projected  standards,  and  by  taking 
corrective  action  when  discrepancies  appear. 

Examples  of  some  cost  standards  recommended  by  I  HI  for  Livingston 
on  outfitting  items  are  given  in  Table  T6-4.  This  table  exemplifies  the 
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cost  standards  that  can  be  developed  by  using  the  experience  of  knowledge¬ 
able  people  combined  with  historical  data.  Figure  6-11  illustrates  the  use 
of  cost  standards  in  the  determination  of  budgets  for  building  a  module. 

The  total  budget  is  a  summation  of  individual  budgets  for  each  craft, 

obtained  by  using  the  cost  standards,  applying  them  to  the  MLF  items  listed 

for  each  craft.  Update  of  standards  is  obtained  by  comparing  actual  data 
with  budgeted  data  and  revising  the  standards  as  necessary. 

The  data  pertinent  to  development  and  use  of  process  standards  for 
on- module  outfitting  is  illustrated  on  Figure  6-12.  This  material  and  man¬ 
hour  table  contains  the  relevant  data  including  'parametric  weight,  budgeted 
manhours  and  actual  manhours  for  a  representative  module  built  I  H I  . 

6. 7  USES  OF  COST  STANDARDS 

The  process  standards  section  of  this  report  explains  how  methods 
and  processes  are  determined  within  the  gate  system  concept.  The  establish 
ment  of  each  gate  signifies  the  process  performed  within  that  gate. 

This  section  has  dealt  with  the  establishment  and  definition  of 
control  parameters  for  measuring  work.  As  mentioned,  I  HI  uses  welding 
length  as  the  main  parameter  to  measure  work  in  the  assembly  type  processes 
This  data  base  allows  the  calculation  of  the  amount  of  work  to  be  processed 

through  each  gate  (at  the  preliminary  planning  stage),  and  the  amount  of 

work  required  to  produce  an  assembled  unit  (at  the  detail  level). 

The  information  obtained  from  process  standards  and  cost  standards 

may  be  used  to  construct  charts  on  each  unit,  similar  to  the  information 
as  illustrated  on  the  following  page. 
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Symbol  Explanations: 

Fitting  MWL 

Welding  AWL 

Panel  joining  T 

WL  =  We  I  d  i  n  g  Length  B  = 

H  =  Hours  ( Manhours)  M  = 


=  Wei  di  ng  Length  by  Manual  Process 
=  Welding  Length  by  Automatic  Process 
=  Top  Panel 
Bottom  Panel 

Workers  (Fitters,  Welders) 


At  this  point,  final  decisions  are  made  concerning  the  assignment 
of  units  to  designated  gates.  Consideration  of  such  items  as  area  of  slab 
required  (due  to  size  of  the  unit)  and  amount  of  work  required  (for  conver¬ 
sion  from  manhours  to  manpower)  is  involved.  Workloads  can  then  be  leveled 
to  accomplish  jobs  by  priority  and  within  gate  capabilities. 

These  data  are  converted  to  long-term  schedules  (See  Example  - 
Figure  6-13)  and  short-term  schedules  (See  Example  -  Figure  6-14).  The 
long-term  schedule,  covering  a  four-month  period,  accounts  for  production 
of  each  hull  under  construction,  The  short-term  thirty-day  schedule, 
emphasizes  the  operations  being  performed  on  each  unit  at  each  gate. 

A  detail  schedule  can  be  issued  for  each  assembly  unit  from  this 
standard  data.  An  example  of  such  a  schedule  is  shown  as  Figure  6-15. 

This  schedule  specifies  the  work  performed  to  accomplish  the  fitting, 
welding,  panel  joining,  and  final  assembly  of  the  unit. 
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The  welding  lengths  and  efficiency  ratios  computed  in  the  manner 
described  in  this  section  provide  the  data  for  calculation  of  manhours 
for  each  process.  This  is  sub-divided  into  the  total  number  of  manhours 
required  per  craft  (fitters  and  welders  in  the  example).  The  number  of 
workers  required  is  determined  by  the  welding  requirements  at  each  stage 
of  assembly.  The  schedule  is,  'therefore,  influenced  by  the  amount  of  work 
required  on  each  unit,  the  calculated  manpower  needs,  and  the  other  work 
bei ng  processed  through  that  gate. 

6,7,1  SCHEDULING  APPLICATIONS 

A  thorough  discussion  of  the  planning  and  scheduling  system  at  I  HI 
is  included  in  the  TTP  Final  Report  on  Planning  and  Production  Control. 

In  that  report,  the  development  of  schedules  ranging  from  broad  ship 
construction  Master  Schedules  to  the  detailed  sub- schedul es  for  each 
process  is  explained,  A  summary  of  the  applicable  portions  of  the  report 
which  pertain  to  the  use  of  cost  standards  is  presented  on  the  next  page, 

Figure  6-16  presents  the  hierarchy  of  schedules  developed  from  the 
primary  master  schedule.  The  Ship  Construction  Master  Schedule  is  the 
top-level  construction  schedule  for  all  work  in  a  given  yard.  When  a  new 
ship  or  ship  program  is  introduced  into  a  yard,  a  suitable  time  frame 
must  be  allocated  to  its  construction  within  the  overall  building  schedule 
of  the  yard  and  with  due  regard  to  the  delivery  schedule  established  by 
the  Head  Office,  This  schedule  is  prepared  by  the  Production  Control  Group 
of  the  shipyard  through  an  estimation  of  the  required  manhours  per  month 
based  on  the  throughput  rates  established  for  the  yard  facilities  and  work 
force.  These  throughput  rates  are  calculated  during  the  development  of 
cost  standards  as  detailed  in  this  section,  In  these  overall  scheduling 
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applications,  gross  measurement  elments  ( e .  g . ,  hours  per  ton)  are  suffi¬ 
cient  for  this  I  evel  of  pi  anni  ng, 

Master  Schedules  are  next  developed  for  Erection,  "Assembly  and 
Outfitting  stages  for  use  as  guidelines  in  developing  the  more  detailed 

sub- sc hedul es  at  each  process  stage. 

The  Erection  Master  Schedule  is  the  first  working  schedule  prepared, 

This  schedule  establishes  the  erection  times  for  each  unit  in  each  zone  of 

the  ship,  This  schedule  is  structured  taking  account  the  following: 

1,  Proper  erection  sequence 

2,  Erection  process 

3,  Capacities  of  assembly  yard 

4,  Capacities  of  storage  yard 

5,  Crane  capaci ti es 

6,  Capacities  of  outfitting  and  painting  shops 

7,  Capacities  of  erection  work  groups 

The  assembly  Master  Schedule  is  prepared  to  show  the  time  requirements 
for  each  unit  during  the  assembly  process.  Each  type  of  unit  is  sorted  by 

the  type  of  fabrication  process  required  for  its  production  into  the  following: 

Flat  Units  ( e .  g . ,  center  double  bottom  units  of  the  midship 

section) 

Semi-flat  Units  ( e .  g . ,  side  double  bottom  units) 

Curved  Units  ( e . g . ,  bow  and  stern  sections) 

Joined  Units  ( e .  g . ,  two  or  more  units  joined  to  form  a 

"Grand  Unit") 

Units  are  scheduled  for  assembly  in  a  sequence  and  flow  designed  to 
maintain  a  full  load  and  smooth  flow  throught  the  assembly  areas  using 
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the  foil  owl  ng  cri  teri  a: 

1.  Determination  of  the  number  of  assembly  days  per  unit 

2,  Assembly  area  requirements  for  each  type  of  unit 

3.  Capacities  of  each  process  lane 

4.  Optimum  manloading  of  each  process  lane 

5.  Outfitting  requirements  on  units  having  major 

outfitting 

6 ,  Painting  r  e  q  u  i  r  e  me  n  t  s 

7 ,  Storage  r  e  q  u  i  r  e  me  n  t  s 

8,  Flow  of  structurally  similar  units  in  series 

The  number  of  required  assembly  days  for  the  different  types  of 
units  is  a  standard  in  the  yards.  This  standard  is  shown  in  Figure  6-17, 
Also,  the  calculation  of  manloading  is  standardized  through  the  computa¬ 
tion  of  weld  .deposit  required  on  the  various  units.  Weld  deposit  (DM  or 
Deposit  Meters)  per  month  per  assembly  area  is  plotted  on  a  graph  and 
compared  to  the  established  capacity  of  that  area.  If  the  plot  shows 
that  the  scheduled  work  exceeds  that  of  the  established  capacity,  work 
may  be  shifted  to  other  assembly  areas,  subcontracted  or,  in  extreme  cases 
the  erection  date  may  be  rescheduled.  Figure  6-18  depicts  a  plot  of  a 
proposed  assembly  schedule  versus  the  established  capacity  of  a  specific 
a  s  s  e  mb  I  y  area. 

Using  the  information  contained  in  the  Assembly  Master  Schedule, 

Hull  Construction  Workshop  -engineers  prepare  detailed  schedules  for  each 
sub-stage  of  the  fabrication,  assembly  and  erection  stages.  No  overall 
schedule  is  prepared  for  each  of  the  production  stages;  rather,  the 
schedules  detail  the  required  dates  for  lofting,  marking,  cutting,  bending 
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sub-  assembl  y,  etc.,  to  meet  the  assembly  dates  established  in  the  Assembly 
Master  Schedule. 

Detailed  sub-schedul es  are  prepared  for  each  operation  in  the  fabri¬ 
cation  process.  These  schedules  cover  all  of  the  work  required  for  each 
ship  set  of  parts,  pieces,  and  sub- assembl  i  es. 

Mold  loft  schedules  are  prepared  for  each  unit  of  a  given  ship. 

The  schedules  define  each  day's  activity  for  the  mold  loft  for  each  unit. 
Lofting  requirements  are  specified  in  the  working  drawings  and  these 
requirements  and  the  daily  schedule  are  coordinated  by  the  Production 
Planning  and  Engineering  group. 

The  sub- schedul  es  for  marking,  cutting,  and  bending  are  developed 
for  each  of  the  different  process  lanes  of  the  fabrication  ships.  These 
process  lanes  are  discussed  in  the  Process  Standards  section  of  this 
report  and  i  ncl  ude: 

1.  Cutting  internals 

2.  Cutting  panel  or  skin  plates 

3.  Cutti ng  and  bendi ng  shapes 

4.  Bending  plates 

Each  of  these  process  lanes  requires  individual  schedules  for  marking 
and  cutting.  Bending  schedules  are  prepared  for  those  lanes  engaged  in 
thi  s  acti  vi  ty. 

These  sub- sc hedul es  are  prepared  on  the  ultimate  need  date  for  the 
components  for  sub-assembly  or  assembly,  and  the  length  of  time  required 
to  process  bent  or  curved  pieces  versus  simpler  parts  and  pieces.  Consider¬ 
ation  is  also  given  to  any  pieces  requiring  special  cutting  such  as  beveling 
which  necessitates  a  longer  process  time  and  which  should  be  removed  from 
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the  continuous  process  flow,  and  to  arranging  a  flow  of  similar  or  identical 
pieces  through  a  given  work  station  to  maximize  the  production  rate  ( e .  g . , 
plates  moving  through  a  flame  planing  station). 

Sub-assembly  of  steel  components  is  performed  at  the  end  of  the 
fabrication  process  lanes,  The  scheduling  performed  for  components  under¬ 
going  fabrication  is  primarily  oriented  toward  completing  all  necessary 
components  to  support  a  smooth  flow  through  the  sub-assembly  process.  Sub- 
assembly  schedules  are  constructed  so  as  to  support  the  assembly  of  units, 
just  as  the  fabrication  schedules  support  the  buildup  of  the  sub- assembl  i  es. 

Assembly  sub- sc hedul  es  are  prepared  for  each  type  of  unit,  i . e . , 
flator  curved,  and  for  each  assembly  area  and  each  sub-stage.  The  Block 
Assembly  Plans,  Assembly  Specification  Plans  and  the  Assembly  Master 
Schedule  are  the  basis  for  these  schedules. 

Production  Planning  and  Engineering  group  personnel  develop  the 
sub- schedul  es  on  the  basis  of  the  total  welding  requi  rements- f  or  each  unit 
which  also  dictate  the  manloading  for  the  assembly  area.  The  use  of  cranes 
is  also  carefully  scheduled  especially  for  the  heavy  lifts  after  assembly 
of  the  units  has  begun. 

The  erection  sub- sc hedul es  are  developed  in  concert  with  the  Erection 
Master  Schedule  by  detailing  the  steps  involved  in  preparation,  landing  and 
j  oi  ni  ng  the  i  ndi  vi  dual  units. 

Fitting  and  welding  manhours  are  calculated  for  each  step  in  the 
erection  sequence  and  the  steps  are  "set  back"  from  the  preceding  step 
the  appropriate  number  of  days  to  allow  for  the  accomplishment  of  the 
requisite  tasks,  When  completed,  the  schedules  are  adjusted  to  coincide 
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with  the  launch  of  the  ship  and  with  the  start  of  the  erection  of  the  next 

shi  p  schedul  ed  for  that  bui  I  di  ng  basi  n, 

In  parallel  with  the  scheduling  of  the  steel  work  through  the  Hull 
Construction  Workshop,  outfitting  scheduling  is  developed  to  reflect  the 
procurement,  fabrication,  sub-assembly  and  installation  of  outfitting 
components.  The  schedules  coincide  with  the  various  production  stages 
of  hull  work  as  it  proceeds  through  the  sub- assembl  y,  assembly  and 
erection  processes. 

6.7,2  MANPOWER  PLANNING 

The  manpower  planning  process  involves  several  distinct  steps  to 
ascertain  the  precise  numbers  of  the  different  types  of  personnel  required 

for  hull  construction  and  outfitting.  Essentially,  this  planning  evolves 

from  an  overall  e s t i  ma t e  of  the  ma n h o u r s  required  for  each  production 
stage  ( i .  e . ,  lofting,  fabrication,  assembly,  erection,  outfitting)  to  a 
scheduling  of  these  manhours  on  a  month-by-month  basis  and,  by  means  of 
these  man-loading  schedules,  to  an  identification  and  allocation  of  appro¬ 
priate  personnel  to  the  work  groups  at  each  work  station.  Monitoring  of 
these  manhours  is  then  accomplished  by  means  of  production  control  charts 
maintained  by  the  workshop  staff- groups. 

The  overall  estimate  of  manpower  is  performed  by  the  Production 
Control  Department  by  first  breaking  down  the  estimate  into  the  three 
ma i n  areas  of  hull  construction,  fitting  and  painting, 

Using  the  ship  specifications  and  a  Budget  Control  List  (prepared 
from  hi  st  or  i  cal  data)  and  additional  historical  data  from  similar  ships, 
the  Production  Control  Planners  estimate  the  number  of  manhours  required 
for  hull  construction  based  on  the  weight  of  the  hull,  probable  welding 
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lengths,  and  probable  cutting  lengths,  Outfitting  manhours  are  estimated 
using  the  weight  of  fittings  and  the  electrical  cable  length.  Main 
machinery  weight  is  not  included  in  this  calculation.  Painting  is  esti¬ 
mated  by  weight  and  by  the  area  requiring  painting. 

These  manhours  estimates  are  plotted  in  a  series  of  curves  which 
are  then  aggregated  in  a  "Production  Curve"  to  show  the  total  manhours 
requirement  for  the  ship  over  the  time  allocated  in  the  Shipyard  Master 
Schedule  for  ship  construction.  Figure  6-19  shows  the  development  of 
this  overall  Production  Curve. 

Using  the  Production  Curve,  manhours  are  computed  in  terms  of  man¬ 
hours  per  ton  for  each  stage  of  production.  The  output  of  this  planning 
is  a  Manhour  Estimation  Table  which  details  the  hours  per  ton  for  the 
various  operations  of  fabrication,  assembly,  erection  and  outfitting. 

In  hull  construction,  the  number  of  welder  hours  are  determined 
together  with  the  number  of  support  personnel.  In  this  workshop,  welding 
is  considered  the  primary  activity  and  all  effort  is  oriented  toward 
providing  a  smooth  flow  of  work  through  the  welding  processes  stall 
times.  Support  personnel  are  considered  to  be  all  others  who  perform 
tasks  concerned  with  the  transport,  preparation  and  removal  of  material 
to  and  from  the  welding  stations. 

In  outfitting,  the  number  of  manhours  is  determined  for  the  various 
fitters  in  each  of  the  fitting  sections  ( i .  e . ,  pipe,  interior,  deck  machinery, 
electric)  per  ton  of  fitting  material  at  each  production  stage.  Figure  6-20 
depicts  the  development  of  the  Manhour  Estimation  Table  and  Figure  6-21 
provides  an  example  of  this  table. 
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The  application  of  the  hull  construction  and  fitting  manhours 
across  the  ship  construction  time  frame  consists  of  the  identification 
and  plotting  of  the  number  of  manhours  required  for  each  activity  in 
each  sub-stage  and  stage  of  production,  The  summation  of  these  manhours 
forms  the  manhours  curve  for  the  ship  being  planned,  Comparison  of  this 
curve  with  a  "standard"  curve  from  a  previous  and  similar  ship  indicates 
its  facility  and  provides  an  a s s e s s me n t  of  questionable  areas.  The 
purpose  of  this  assessment  is  to  determine  the  number  of  manhours 
required  over  the  period  of  ship  construction  and  to  compare  the 
requirements  with  the  available  manpower  month-by-month. 

The  output  of  this  overall  workload  scheduling  is  used  to  level¬ 
load  the  production  workshops  and  to  ensure  the  availability  of  suffi¬ 
cient  manpower  for  all  ships  in  process.  Figure  6-22  illustrates  the 
d e v e I  o p me n t  of  this  Wo r  k  Load  Schedule. 

E  s  t  i  ma  t  e  d  ma  n  h  o  u  r  s  for  each  shop  and  for  each  production  stage 
are  closely  monitored  each  month  to  ensure  that  the  forecast  hours  are 
sufficient  to  accomplish  the  scheduled  work.  Work  efficiency  is  also 
monitored  by  means  of  a  comparison  of  actual  hours  expended  to  those 
expended  on  a  prior  similar  ship,  This  control  is  exercised  within  the 
individual  workshops  through  monthly  and  weekly  shop  schedules,  manpower 
charts,  and  performance  control  charts  developed  by  the  Production 
Planning  and  Engineering  staffs.  This  information  is  aggregated  into 
the  overall  manhour  efficiency  curve  by  the  Production  Control  group. 
Figure  6-23  shows  the  development  of  this  curve. 

Manhours  are  continually  weighed  against  actual  manhours  used  on 
previous  ships  and  by  the  various  factors  of  manhours  / ton,  manhours  per 
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Budget  Control  List 
Specification 


Estimate  Production  by 

Height,  Welding  Length,  Cutting  length 

...  Hull  Construction  Work 

Height  of  Fittings  &  Electric  Cable 
Length  Except  Main  Machinery  and  Equip¬ 
ments.  ..  .Fitting  Hork 

Height  and  Area  ...  Painting  Work 


Production  Curve- 
Height 

Cutting  Length,  Welding  length 
Painting  Area 

Fitting  Height,  Electric  Cable 
Length 


PRODUCTION  PLANNING  BY  WEIGHT.  CUTTING  LENGTH  AND  WELDING  LENGTH 


FIGURE  6-23 


length  of  weld  deposited,  cut  lengths,  outfitting  weights,  cable  lengths, 
etc,  This  manpower  planning,  when  combined  with  the  production  planning 
and  scheduling,  forms  a  complete  framework  of  data  for  the  performance  of 
all  work  in  each  area  of  production, 

6,  8  LIVINGSTON  APPLICATIONS 

The  application  of  the  I  HI  cost  standards  program  first  requires  . 
initiation  of  a  corresponding  system  of  process  standards.  A  good  process 
standards  program  provides  a  systematic  approach  for  establishing,  docu¬ 
menting,  and  issuing  standard  work  methods  to  the  proper  people.  This  is 
a  necessary  pre-requisite  to  implementation  of  an  effective  cost  standards 
program  through  which  the  performance  of  standardized  processes  are 
measured  and  reported  in  terms  of  throughput  rates  and  efficiency. 

Livingston  has  actively  sought  to  implement  many  of  the  I  HI  system 
concepts  that  are  the  necessary  foundations  for  a  sound  process  standards 
program.  Material  flow  within  the  shipyard  has  been  defined,  the  gate 
system  has  been  implemented,  and  material  flows  within  certain  areas  have 
been  established.  Material  lists  were  revised  to  reflect  new  items 
including  unit  system  numbering,  piece  counts  per  component,  and  process 
flow  by  gate  number,  Figure  6-24  represents  a  typical  Levingston  Bill  of 
Material  as  instituted  since  implementation  of  I  HI  planning  and  scheduling 
technique,  showing  inclusion  of  this  type  of  data  and  its  format.  The 
section  of  this  report  on  Process  Standards  describes  Livingston's  appli¬ 
cation  of  I  HI  technology  in  the  i  mpl  anentat  i  on  of  this  technique. 

Particular  emphasis  was  placed  on  the  employment  of  process  standardiza¬ 
tion  techniques  in  the  assembly  functions,  where  written  procedures  and 
guidelines  were  issued  for  each  typical  unit  of  the  hulls  under  construction. 
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I  HI  recommended  the  use  of  welding  length  as  the  control  parameter 
for  measuring  performance  standards,  and  subsequent  calculation  of  cost 
standards.  Livingston  has  not  adopted  the  use  of  this  parameter,  but 
chooses  to  continue  using  tonnage  figures  as  cost  parameters  at  the 
present  time.  This  is  not  because  the  use  of  welding  length  is  of 
questionable  value,  but  rather  because  the  Livingston  record-keeping 
s y s t e ms  are  based  on  collecting  tonnage  figures.  The  status  and  plans 
of  Livingston  are  described  in  the  following  paragraphs,  addressing 
each  of  the  two  methods  proposed  by  I  HI  to  obtain  welding  length: 

1)  Measurement  from  drawings:  The  I  HI  approach  of  measuring  weld 
length  from  key  plans  is  very  accurate,  but  quite  time-consuming.  Also, 
to  be  most  useful  for  planning  purposes,  the  measurements  are  needed 
considerably  sooner  than  actual  production  is  started.  At  I  HI ,  much  of 
the  planning  and  scheduling  is  performed  by  a  consolidated  group  of 
design  engineers,  planners,  and  production  engineers  during  design 
development.  This  work  is  initiated  upon  issuance  of  yard  plans,  or 

working  drawings,  which  usually  begins  about  three  and  one-half 
months  prior  to  keel  lay  (refer  to  the  TTP  Final  Report  on  Engineering 
and  Design).  This  kind  of  timing  has  not  occurred  at  Livingston  for 

contracts  on  i  ni  t  i  al - shi p- of - ser  i  es  orders.  Many  drawings  were  issued 
just  ahead  of  construction  of  the  first  bulker.  However,  for  the 
construction  of  subsequent  ships  of  like  design,  the  measurement  of 
welding  length  for  use  as  a  control  parameter  is  planned  for  implementa¬ 
tion,  at  least  in  s o me  areas. 

The  flat  panel  line  is  a  likely  candidate  for  institution  of  standards 
based  on  measured  welding  lengths.  This  assembly  shop  performs  work  of  a 
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routine,  repetitive  nature  for  which  a  direct  relationship  exists  between 
manhours  (of  fitters  and  welders)  and  welding  length,  However,  another 
unique  situation  for  Livingston  is  that  panel  line  assembly  was  just 
recently  installed  in  a  shop  location  with  a  permanently  organized  layout. 
Therefore,  data  on  manhours  requires  allowing  for  influence  of  the  "learn¬ 
ing  curve". 

2)  Conversion  from  unit  weight:  This  method  proposed  by  I  HI  has 
merit  due  to  its  simplistic  formula  calculation  made  from  available 
data,  However,  the  data  require  verification  through  analysis  of  a 
shipyard's  actual  performance  over  a  series  of  like  vessels.  Since 
Livingston  has  completed  only  the  first  F  -  3  2  type  bulker  at  this  time,  the 
data  have  not  been  collected  nor  verified  for  application  of  this  method. 

It  is  believed,  however,  that  this  method  can  have  considerable  value 
as  a  tool  for  calculating  performance  standards  and  cost  standards. 

The  control  parameters  recommended  by  I  HI  for  Livingston  to  use 
were  listed  in  Table  T  6  -  2 .  Welding  length  was  specified  for  the  assembly 
and  erecti on  areas. 

The  location  of  work  influences  its  efficiency  and  productivity. 

At  I  HI ,  assembly  is  performed  in  covered  shops  under  controlled  condi¬ 
tions.  At  Livingston,  this  work  is  performed  both  in  the  shop  (Flat 
Panel  Line)  and  on  slabs  outside.  The  measured  welding  length  method, 
therefore,  is  applicable  to  the  Panel  Line  while  conversion  coefficients, 
less  accurate  but  easier  to  obtain,  are  more  appropriate  to  assembly 
work  on-slab. 

In  the  Fabrication  area,  I  HI  recommended  piece  counts  and  tonnage 
as  parameters  for  Livingston  to  use.  The  revised  Bills  of  Material 
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(Figure  6-24)  provide  this  i  n f  o r  ma t  i  on.  Wo r  k  orders  issued  at  Livingston 
are  written  to  correspond  to  the  process  gates  through  which  a  unit 
passes,  Since  manhours  are  charged  against  these  Work  Orders,  Livingston 
plans  to  collect  these  data  and  use  it  as  a  basis  for  projecting  efficiency 
on  future  work  of  similar  type,  This  is  the  method  that  has  been  employed 
successfully  by  the  Japanese  and  is  applicable  to  U .  S .  shipbuilding 
acti  vi  ti  es, 

Another  way  of  accomplishing  this  objective  is  to  issue  forms  to 
supervision  s i  mi  I  a r  to  those  of  Figures  6-1  and  6 ■  2 ,  From  the  data 
collected  on  these  forms,  graphs  and  charts  of  efficiency  and  producti¬ 
vity  can  be  produced  by  Industrial  Engineering,  similar  to  that  shown 
on  Figure  6-3.  These  charts  will  be  displayed  on  blackboards  such  as  the 
type  proposed  on  Figure  6-4. 

6,9  CONCLUSION 

The  main  objective  of  the  calculation  of  performance  standards  is 
for  use  in  projecting  accurate  plans  and  schedules.  The  data  collection 
methods  proposed  by  I  HI  are  planned  for  implementation  at  Livingston 
when  a  sufficient  data  base  has  been  compiled,  Probably  the  single  most 
important  factor  in  providing  a  system  of  useful  performance  standards  is 
assuring  that  accurate  data  is  reported,  The  standards  are  only  as 
reliable  as  the  data  upon  which  they  are  based.  This  depends  on  accurate 
reporting  by  supervision  and  validated  calculations  by  people  knowledge¬ 
able  of  the  processes  and  methodology  of  technical  analysis. 

The  techniques  u  s  e  d  by  I  HI  to  measure  performance  by  using  statisti¬ 
cal  methods  are  known  to  U.  S.  industry  as  applications  of  Industrial 
Engineering,  It  is  to  the  advantage  of  shipyards  to  apply  these  techniques 
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to  their  facility  using  methods  and  parameters  best  suited  to  their 
particular  needs. 
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